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Theoretical and Experimental Methods 
(See also Revs. 1355, 1360, 1362, 1380, 1413, 1449) 


1345. Hilda Geiringer, “On the solution of systems of linear 
equations by certain iteration methods,” Peissner Anniv. Vol., 
J. W. Edwards, Ann Arbor, 1949, pp. 365-393. 

This is in the main an expository article. The author gives a 
general iteration scheme which contains most of the known pro- 
cedures as special cases. She states that one of her objectives is 
to “state simply and clearly some facts which are occasionally 
mentioned in a vague or even inaccurate way” concerning the 
solution of linear equations by iteration, and she has succeeded 
dmirably in attaining this objective. Considerable space is 
devoted to questions of convergence and to the role of the “start- 
ing point’ for the various iteration schemes. A number of well- 
chosen examples illustrate key points which are raised in the gen- 
eral treatment. The procedures proposed seem ready-made for 
modern high-speed computing devices. 

Benjamin Epstein, USA 


1346. H. de Sloovere, ‘‘On the Lagrangian multipliers in the 
solution of problems in the calculus of variations” (in French), 
Bull. Acad. Belg. Cl. Sci., 1948, vol. 34, no. 10, pp. 735-747. 

This paper shows in a very general manner that Th. de Don- 
ders method of using Lagrangian multipliers for solving extremal 
problems in the calculus of variations gives precisely the same re- 


sults as the classical method. P. C. Dunne, England 


1347. G. F. Carrier, “A generalization of the Wiener-Hopf 
technique,” Quart. appl. Math., Apr. 1949, vol. 7, pp. 105-109. 

The integral equation of Wiener-Hopf is extended to include a 
more general class of kernels built up from function transforms. 
\ particular example is discussed where the kernel arises naturally 
as the Green’s function for a certain partial differential equation. 
In this ease the Green’s function can be represented by means of 
Hankel transforms, and the solution is effected by taking Han- 
kel transforms of the integral equation and making the familiar 
inalytical continuation argument of Wiener-Hopf to evaluate the 
unknown function. Stephen H. Crandall, England 


1348. P. Groen, “Exact solution of eigenvalue problems aris- 
ing in connection with the study of certain hydrodynamical or 
quantum-mechanical wave phenomena” (in English), Appl. sci. 
Res. Sec. A, 1948, vol. A 1, no. 3, pp. 225-236. 

In connection with the study of internal gravity waves the 
iuthor has encountered the equation, of Schrédinger type, ¢” + 
f(z) — m?} @ = 0. He shows it is possible to solve this equation 
inalytically when f(t) is of the type aleosh (a2/c)]~? + b{sinh 
t/c)|~*, He discusses the eigenvalue problems connected with 
the boundary condition ¢(z) — 0 for |r| + ~. By a simple 
substitution the equation becomes a hypergeometric equation. 
The behavior of solutions for |z| large and |z| small is investi- 
gated, the latter being needed for eventual smooth joining of two 
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solutions at 2 = 0. Two general and two specific cases are con- 
sidered in an exhaustive and elegant discussion. 


P. Le Corbeiller, USA 


1349. André Kovacs, “On the experimental determination of 
the specific energy loss by the method of coupled pendulums” (in 
French), C. R. Acad. Set. Paris, Nov. 15, 1948, vol. 227, pp. 
1019-1020. 

This paper describes the technique of determining damping 
constants for a material by the use of two pendulums coupled 
elastically with the test specimen. Observations are made of the 
maximum and minimum amplitudes of the displacements of 
the pendulums for any phase angle between the positions of the 
pendulums. The amplitudes must be observed twice, with the 
number of oscillations between the amplitudes being recorded. 


N. M. Newmark, USA 


1350. G. W.Housner and G. D. McCann, “The analysis of 
strong-motion earthquake records with the electric analog com- 
puter,” Bull. seism. Soc. Amer., Jan. 1949, vol. 39, pp. 47-56. 

This paper describes the use of an electric analog computer for 
the study of the effect of earthquake motions on single- and mul- 
tiple-degree-of-freedom structures. 

An electric-network analog of the structure is set up in the 
machine and it is excited with a voltage similar in wave form to 
that of the ground motion recorded on accelerograms. The out- 
puts show the deflections of the various members of the structure, 
By this method a time saving of about 500:1 is achieved over nu- 
merical solutions for single-degree-of-freedom systems. Mul- 
tiple-degree-of-freedom structures are also analyzed, for which the 
numerical solution time would be prohibitive. 

The paper deals principally with the method. Results so far 
have shown that the response of a structure is primarily in the 


first mode of vibration. Herbert Harris, USA 


1351. M. Dumas and P. Maheu, “Statistical methods and 
their applications in the field of technical industries” (in French), 
Mémor. Artill. fr., 1948, vol. 22, no. 86, pp. 8387-967. 

This is the second part of a treatise on statistical methods and 
their technical applications (see Rev. 396, Mar. 1949). In this 
part the authors discuss conventional topics in elementary statis- 
ties in a confused and unclear fashion. The reviewer does not 
believe that a person interested in technical applications will find 
this treatment particularly rewarding. A good portion of the 
text is devoted to graphical methods of analysis and smoothing of 
data. The reviewer is at a loss to see the virtues claimed for 


these methods. Benjamin Epstein, USA 


” 


©1352. Kurt Rantsch, ‘The optics of precision measurements 
(in German), Carl Hanser Verlag, Munich, 1949. Paper, 9.75 
6.75 in., 317 pp., 520 figs. 

This is volume 2 of a series on technical measurements (T’ech- 
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nisches Messen in Linzeldarstellungen). The basic geometric 
and physical optics is given (71 pp.), followed by 40 pages on lens 
systems. There are 141 pages on the basic optical instruments, 
on microscopic measuring devices and on optical scanners. A 
last chapter deals with methods which “put the specimen in the 
paths of the lightrays” (interference devices, surface testers, plane- 
optical-beam methods, total reflection methods). Lists of nota- 
tions, formulas and references are given at the end of the book. 


Ed. 


1353. André Martinot-Lagarde, ‘““Dimensional analysis—appli- 
cations to fluid mechanics” (in French), Off. nat. Etud. Rech. aéro. 
tech. Note, no. 41, 1948, 180 pp. 

The author treats dimensional analysis and the principle of 
similitude in six chapters, covering quantity, derived quantity, 
invariance, the fundamental theorem of Vasehy, similitude, and 
applications in fluid mechanies, respectively. 

There are presented the usual examples of towing a ship’s 
model, testing a submarine model, flow in pipes, as well as addi- 
tional interesting cases including a study of the Karman track, 
rotating solids, and compressible viscous flow. 

A short bibliography of 60 references is provided. It seems 
that this might profitably have been made much more extensive 
in conformity with the literature. A good index and several 
short appendices are added, 

The typical Gallic elegance of development of the work of the 
author, and his rather pointed reference to the debt due Reech 
and Vaschy, somewhat belie the actual history of the subject. 
This point is not controverted by the casual mention of Froude, 
Reynolds, Rayleigh, and Bridgman in the introduction. 

It is the opinion of the reviewer that the systematic and logical 
presentation of the subject together with the many specific appli- 
cations in the mechanics of fluid flow make the work a desirable 
William H. Hoppmann II, USA 


reference. 


Mechanics (Dynamics, Statics, Kinematics) 


1354. Th. de Donder and Paul Melchior, ““Gauss’ principle of 
least constraint applied to the dynamics of solid bodies with non- 
holonomic restraints” (in French), Bull. Acad. Belg. Cl. Sei., 
1948, vol. 34, no. 12, pp. 966-968. 

Th. de Donder and his eollaborators have demonstrated in 
papers previously reviewed (see Revs. 1235, 1236, 1237, 1238, 
Oct. 1949, and Rev. 1346 in this issue) that the method of La- 
grangian multipliers may be used, in conjunction with Hamilton’s 
principle, to obtain the equations of motion of both holonomie and 
nonholonomic systems. In the present paper the authors show 
that the method can be used also with Gauss’ principle of least 
constraint. The theory is illustrated by the nonholonomic prob- 


lem of a hoop rolling on a plane. P. C. Dunne, England 


1355. M. Casarini, ‘‘On the conical pendulum of variable 
length” (in Italian), Boll. Un. mat. ital., Dec. 1948, ser. 3, vol. 3, 
pp. 251-255. 

The author takes issue with the solution of an exercise in 
engineering Mechanics by Timoshenko and Young [McGraw-Hill 
Book Co., 1937, p. 156] where it is assumed that a conica] pendu- 
lum remains conical when its length is slowly changed. He shows 
that, for small oscillations about a vertical, and a prescribed, uni- 
formly accelerated variation of the pendulum length, exact inte- 
gration yields an elliptic trajectory of the pendulum bob. 


However, if adiabatic (rather than exact) integrals are used, as 
derived by D. Grafh [R. C. Accad. Lincei, 1932, vol. 15, p. 657; 
Ann. Math., 1936, vol. 15], the assumption discussed turns out to 
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be true for an arbitrary adiabatic variation of the pendulum 
length. A. W. Wundheiler, US 


1356. I. I. Artobolevski and B. M. Abramov, “Solution of the 
equation of motion of a machine for forces depending on veloci- 
ties” (in Russian), Notes Acad. Sci. USSR (Doklady Akad. Nay: 
SSSR), Mar. 1948, vol. 59, no. 9, pp. 1541-1544. 

A method of approximations requiring the plotting of a number 
of graphs to determine the time variation of the angular position 
of a linkage is given. No mention of a machine is made. 

John M. Kopper, USA 


1357. F. M. Dimentberg, “An analogy between finite motions 
of plane and spatial four-bar linkages”’ (in Russian), Bull. Acad. 
Sci. USSR Ser. tech. Sci. (Izv. Akad. Nauk SSSR Ser. telh. 
Nauk), Feb. 1949, no. 2, pp. 181-185. 

A spatial four-bar linkage L (that is, one with nonparalle! 
hinges), whose adjacent bars enclose, consecutively, the angles @, 
#, x and y¥, can be matched with a plane four-bar linkage L’ so 
that, if d’, 6’, x’ and W’ denote the corresponding angles of L’, the 
relation @ = $’ enforces 


x =x’, étan y’/2 = tan ~/2, 7 tan 0’/2 = tan 0/2 


where — and 7 are determined by the dimensions of L. The di- 
mensions of L’ are explicitly expressed in terms of those of 1 
only trigonometry (plane and spherical) is involved. The note- 
worthy fact is, of course, the existence of these simple formulas, 
rather than the mapping itself. A. W. Wundheiler, USA 


‘ . ~ ‘ 
Gyroscopics, Governors, Servos 


1358. Z. Blokh, ‘Contribution to the theory of servomotors 
for hydraulic systems” (in Russian), Bull. Acad. Sct. USSR Ser. 
tech. Sct. (Izv. Akad. Nauk SSSR Ser. tekh. Nauk), Jan. 1947, 
vol. 11, pp. 151-158. 

Theoretical expressions are derived for the displacement, 
velocity and acceleration of an externally-loaded hydraulic actu- 
ating piston when the fluid admission port is suddenly opened 
fully. Bernoulli’s equation for incompressible flow, the equation 
of continuity and Newton’s law of motion are used. Pressure 
losses in the system are represented by Weisbach’s formula and 
are included in an over-all ‘hydraulic transmission constant.” 
The author recommends an experimental determination of this 
constant by measuring the piston displacement for a given inter- 
val of time upon sudden full-opening of the admission port 

When such an actuator is used as a power boost, a feed-back 
link is provided to close the admission port by means of the piston 
movement. Flow then occurs through a varying port opening 
The author derives an expression for piston velocity vs. displace- 
ment for this case, approximating Weisbach’s data for losses in 
partially closed tubes by means of an analytical expression. _ Ile 
concludes from this analysis that the piston comes to a stop with- 
out shock. Walter W. Soroka, USA 


©1359. Hubert M. James, Nathaniel B. Nichols and Ralph S. 
Phillips, “‘Theory of servomechanisms,” M./.7'. Rad. Lab. Ser 
McGraw-Hill Book Co., New York, 1947. Cloth, 9.25 X 6 1n., 
375 pp., 159 figs. 

This volume of the familiar series is the work of a group ©ol 
cerned principally with servomechanisms used in automati’ 
tracking radar systems. However, considerable design informa- 
tion applicable to other types of servos is presented as well. The 
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treatment presupposes considerable mathematical preparation. 


In many aspects of the development, a previous knowledge of 


servomechanisms is alsu helpful. To one of adequate background 
_careful reading is most rewarding. 

The first chapter of the book is introductory. The next chap- 
‘er Summarizes the mathematical fundamentals of the presenta- 
tion to follow, and among the subjects discussed are transforma- 
tions, Mapping, and stability criteria. Chapter 3 on servo ele- 
ments deseribes the operation and characteristics of a number of 
servo components, and does so in excellent detail. General de- 
sign principles for both single- and multiple-loop servomecha- 
nisms are presented in the following chapter, discussing equations 
ind design criteria based on steady-state responses to sinusoidal 
disturbances. A worth-while addition to the chapter is a compre- 
hensive treatment of two numerical examples illustrating the 
techniques described. Almost entirely mathematical, chapter 5 
is concerned with filters and servos which are supplied with 
pulsed, rather than continuous, data. 

The final three chapters approach the problem of servo design 
from a statistical point of view. Starting with an excellent 
phrasing of the problem of practical servo design, this section of 
the book then mathematically states servo properties and per- 
formance in the presence of noise. Emphasized is servo design 
based on the actual disturbances to be encountered. After a 
discussion of the theory of probability and statistics applied to 
servomechanism design, the minimum root-mean-square error 
criterion is presented and applied to typical examples in fire con- 
trol. 

As the above summary discloses, the volume presents many 
aspects of servo design appearing in no other book. Its emphasis 
on the importance of consideration of noise and the actual dis- 
turbances in servo design is noteworthy, although the reduction 
of the mathematical presentation to a particular problem may 
present formidable difficulties to the practicing engineer. 

Most of the weaknesses of the book are the result of the circum- 
stances under which it was written. It was prepared under a 
stringent, time schedule, and portions of the book reflect haste in 
writing. If the effort of the authors had been directed toward 
gathering information for a book instead of solving urgent prob- 
lems on military equipment, the book would undoubtedly be more 
complete and better integrated. Incidentally, all the useful in- 
formation on servomechanisms in the Radiation Laboratory 
Series does not appear in this book, and those interested in the 
subjeet should read portions of volumes 17 and 21 as well. 

It is felt that servo literature has been considerably enriched 
by the publication of this work, and it is well reeommended as a 
worth-while advance study in the field. 

William R. Ahrendt, USA 


Vibrations, Balancing 
(See also Revs. 1350, 1385, 1395, 1396, 1458) 


1360. H. Blume, “Theory and practice of periodogram 
analysis of recording instrument curves of the form of nonper- 
sistent vibrations” (in German), Z. angew. Math. Mech., July 
N47, vol. 25/27, pp. 113-118. 

The author refers to his book, Grundlagen und Methoden der 
leriodenforschung, Berlin 1937, for the definition of “periodogram 
analysis” and “persistent vibrations.”’ This book is not accessible 
to the editor, but it can be guessed that the first term denotes a 
nethod of analysis ignoring the phase but utilizing the amplitude- 
irequency dependence derived from only a portion of the vibration 
record, and estimating the involved error. As to the second term, 
is meaning is not relevantly involved in the paper reviewed. Ed.) 
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The author presents the mathematical foundations of periodo- 
gram analysis for the case that the record consists of vibrations of 
constant frequency @ and phase but of arbitrarily varying ampli- 
tudes. It is assumed that the range of the curve is much greater 
than the chosen interval of analysis (its left end point will be de- 
noted by gq). 

First the case of amplitude linearly varying with time is con- 
sidered. It is shown that the frequency @ may be determined 
from the (roughly constant) slopes of the g vs. Y plot for the com- 
ponent vibrations in the neighborhood of a, Y being the measured 
phase of the component. Analysis of a curve with exponentially 
varying amplitudes leads to the same results. 

Finally, the more general case of a curve with constant fre- 
quency but with arbitrarily varying amplitudes, y = f(t) cos 
(at — 8), is treated. It is shown that relatively accurate values 
of the frequency @ may be obtained if the arithmetic mean of 
the amplitude f(t) changes only slightly with a displacement 
of g, i.e., of the interval of analysis. The amplitude itself may 
show considerable variation. 

The author points out that periodogram analysis is of special 
value in the problem of vibration prevention, because in this case 
the important things are the frequencies, while the mere knowl- 
edge of the mean values of the amplitudes is sufficient to judge 
the importance of the single frequencies. 

Heinz Parkus, Austria 


1361. H. Pailloux, “Small periodic vertical motions of a flexi- 
ble cable with finite weight and fixed ends” (in French), ©. RP 
Acad. Sci., Parts, Apr. 19, 1948, vol. 226, pp. 1242-1244. 

The general equations of motion for this case are enunciated 
and the problem is reduced, for the case of small motions, to the 
solution of a single ordinary differential equation. Frequency 
equations are given for the special cases in which the tension in 


the cable is large. W.S. Hemp, England 


1362. Robert Campbell, “‘On the vibration of an elliptic loud- 
speaker” (in French), (. R. Acad. Sci. Paris, Mar. 21, 1949, vol. 
228, pp. 970-972. 

In the investigation of the vibrations of a loud-speaker regarded 
as a plane elliptic plate, a Lamé differential equation containing 
three terms is obtained. The eigenvalues of the equation have 
been given by Moéglich [Ann. Phys., 1927, vol. 83, p. 609], and in 
this paper the author gives an elegant alternative method for eval- 
uating these values, based on the method developed by Ince 
|Proc. roy. Soc. Edinh., 1939, vol. 60, p. 83] for the integration of 
the Lamé equation and on L. Brillouin’s recent results (Quart. 
appl. Math., 1948, p. 167] on the calculation of the characteristic 
exponent. The author’s method has the advantage that the peri- 
odie solution of the equation is obtained in the form of a trigo- 
nometric series, rather than in the form of a series of powers of 


elliptic functions. R. M. Davies, Wales 


1363. M. Y. Leonov, “Parametric representation of quasihar- 
monic vibrations” (in Russian), Votes Acad. Sct. USSR (Dok- 
lady Akad. Nauk SSSR), Sept. 11, 1948, vol. 62, pp. 161-162. 

A single-degree-of-freedom oscillatory system is considered in 
which the damping y(@) is a funetion of time 6. 
the transformation yd@ = u(d)d¢, the damping y(@) is expressed 
in terms of the parameter @. The function u(@) is assumed as a 


Bv means of 


trigonometric polynomial, and it is indicated under what values 
of the coefficients the solutions are stable or unstable in accordance 
with Liapunov. Walter W. Soroka, USA 
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1364. N. S. Nagendra Nath and Sanat Kumar Roy, “The 
vibrations of an infinite linear lattice consisting of two types of 
particles” (in English), Proc. Indian Acad, Sct. Sect. A, Nov. 1948, 
vol, 28, pp 289-295. 

This solution of the problem of the vibration of two types of 
particles, arranged alternately in a lattice, brings forth the work 
of Lagrange, Hamilton (for a finite lattice, rather than infinite as 
the authors imply), and Riemann. The normal vibrations of a 
luttice are given according to C. V. Raman. Starting with the 
general assumption that forces acting on a particle are propor- 
tional to changes in the position of all the particles along the line, 
and that initially one particle is slightly displaced along the 
lattice, a later and simplifying assumption is resorted to, that 
forces acting on a particle arise only due to changes in the neigh- 
boring distances. 

As mentioned in one of Hamilton's problems, tor transverse 
vibration, there is generally isystem ol n simultaneous, differen- 
tial equations of the second order to be integrated. In the present 
cuse there is the laborious task ot solving an infinite number of 
second-order differential equations—each of which consists of an 
infinite number of terms. Certain boundary conditions can make 
the solution practically impossible; the authors have chosen 
suitable boundary conditions for facilitating the solution. In 
order to find the nature of the solution, the Riemann surface is 
used: the method of steepest descent 1s applied, to find the 
asymptotic nature of the solution. 

For engineering use, an explanation of the subscript notation 
Iq. [1], would be desirable, together with some typical applicsa- 
tions. Mastman Smith, USA 


Wave Motion, Impact 
(See also Revs. 1395, 1396, 1440) 


1305. Albert E. Heins, ““Water waves over a channel of finite 
depth with a dock,” Amer. J. Math., Oct. 1948, vol. 70, pp. 730 
748. 

This paper presents a mathematical treatment of surface waves 
in an infinite channel of finite depth with a semi-infinite rigid dock 
located on the upper surface of the channel. The mathematical 
problem is to satisfy Laplace’s equation over an infinite slab of a 
finite width. The problem is reduced to a two-dimensional one 
and the appropriate Green's function is constructed. This leads 
to an integral equation of the Wiener-Hopf type with special 
assumptions about the behavior of the potential, which can be 
evaluated analytically. Solutions are given for the medium free 
of sources, and, in a second step, solutions for a logarithmic dis- 
continuity at 2 = 0, that is for a source or a sink at the edge of 
the dock. 
he published later. 


No numerical evaluations are included, but they may 
Horst Merbt, England 


1366. Walter H. Munk, “‘Note on period increase of waves,” 
Bull. seism. Soc. Amer., Jan. 1949, vol. 39, pp. 41-45. 

This note discusses various formulas worked out by the author 
and others for the increase in period 7’ of an individual wave, the 
identity of which is conserved over a definite distance x. The 
wave may be in water or in the earth’s surface and may be very 
near the traveling wave front. However, the formulas do not 
apply to period increase of ocean swell, and the author corrects 
an earlier statement of his in this connection. The Airy integral 
is applied to Love waves vielding the formuls 

T = 4.6 (312)'/* Vo-* (hp /po)'/* (Wo2/Vi2 — 1)°78 2, 


for the case of an infinitely thick lower layer. This formula may 
offer a means for determining the thickness # of an upper layer if 
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the velocities Vo, VW, of the shear waves and the rigidities wo, u, o 


the two layers are known. W. C. Johnson, Jr., US\ 


Elasticity Theory 
(See also Revs. 1375, 1386) 


©1307. M. T. Huber, “Theory of elasticity, Vol. I” (in Polis),). 
Polish Acad. Sci., Krakéw, 1948. Paper, 7 & 10 in., xv + 387 
pp., 82 figs. 

This book contains much new material of research value. Tyo 
first two chapters presenting a general discussion of strain and 
stress are followed by a chapter concerned with stress-strain rels- 
tions and the general equations of elasticity. The author give 
his own derivation of the principle of superposition and of the cri- 
teria of elastic failure, with special regard to the maximum-strain- 
energy theory, proposed by the author in 1904 and treated inde- 
pendently by R. von Mises (1913) and H. Hencky (1923). Thy 
following three chapters deal with two-dimensional problems, us- 
ing rectangular and polar coordinates and complex variables, 
In the sixth chapter the treatment of riveted junctions by A 
CGrzedzielski is presented, as well as a simple proposal of W. Olszak 
to use the “generalized Poisson’s ratio” for a formally unified 
treatment of plane stress and strain. The seventh chapter deals 
with the general energy methods. 

In the eighth chapter, Cealing with concentrated loads, th: 
author presents the detailed solutions of the equations of Hertz’s 
theory in two cases: (1) when the area of contact is circula: 
(e.g., two spheres in compression), and (2) when the area forms a 
strip of constant width (two cylinders with parallel axes). Thi 
corresponding diagrams of stress lines are given. The autho: 
completes here his argument of 1904 and explains the failure o! 
Hertz’s theory of hardness. 

The ninth chapter deals with some of the most important three 
dimensional problems. Special attention should be given to thy 
tenth chapter in which bending and torsion of beams are treated 
In this chapter the concepts of center of twist and center of shea! 
are analyzed in a most detailed and precise manner. Genera! 
formulas for the coordinates of these centers are given. Thi 
author shows that the theorem of C. Weber (quoted in A. and L 
FOppl's Drang und Zwang, vol. 11) stating the identity of these 
points is not, in general, true. 

The first volume ends with a discussion of energy methods and 
mathematical analogies. A study of beams of elliptic cross sec- 
tion is used to correct Féppl’s opinion (see above) that th 
strength of a nonround beam in torsion is unaffected by con- 
straints preventing the warping of one or more cross sections 

With regard to the volume of its subject matter, the book can 
he classified between those of Timoshenko and Love; with regard 


to its rigor, it is their match. J. Nowinski, Poland 


1368. Samuel Levy and Frank C. Smith, “Stress distribution 
near reinforced circular hole loaded by pin,” /. Res. nat. Bu 
Stands., Apr. 1949, vol. 42, pp. 397-404. 

This paper contains an approximate solution of an importan 
practical problem. The problem is that of a flat plate with a 
reinforced circular hole. The boundary of the hole is loaded )) 
means of a rigid pin and the hole is not permitted to distort unde! 
load. The solution is obtained from a plane-stress theory. Thi 


rst 


problems of the reinforcing ring and the unreinforced plate are ! 
solved separately. These solutions are then joined by matching 
displacements and forces at the common boundary. The }oun’ 
aries of the plate which are parallel to the direction of the loa 
are not stress-free. This inconsistency is not of primary impor 
tance and does not appreciably affect the maximum stresse~ 
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fhe theoretical results were experimentally verified and the 
iparison of test and theory is summarized in the paper. 
Paul F. Chenea, USA 


1309. A. Pfliiger, “The semi-infinite plate with edge rein- 
forcement. A stress analogy to the problem of the lifting line” 

German), Z. angew. Math. Mech., Oct. 1947, vol. 25/27, pp. 
177-185. 

fhe author deals with the following problem: A semi-infinite 

‘eis stressed in its plane by tensile forces acting parallel to the 
edge. Fixed to this edge is a reinforcement of finite or infinite 

ngth with arbitrarily varying cross section. 

\'nder the assumption that the reinforcement acts as a bar of 
negligible flexural stiffness, only shearing forces can be trans- 
mitted between the two bodies. For the stress in the reinforce- 
ment an integrodifferential equation is then deduced which for- 
nally agrees with Prandtl’s famous equation for the spanwise lift 
distribution of a wing. The induced velocity corresponds to the 

ddition stresses in the plate. 

It is shown that in general the normal stresses as well as the 
shearing stresses in the plate tend to infinity at both ends of the 
reinforcement, even if the thickness of the reinforcement and its 
rate of inerease are zero at these points. A necessary and suffi- 

ent condition for finite stresses is given. 

Heinz Parkus, Austria 


1370. D.N. Mitra, “On the flexure problem for some bound- 
aries” (in English), Bull. Calcutta math. Soc., Dec. 1948, vol. 
10, pp. 173-182. 

This paper deals with the problem of flexure of an isotropic 
clastie cylinder when the load acts through the center of flexure of 
he end of the beam. The function-theoretic method has been 
ised to find solutions for three boundaries: inverse of an ellipse 
vith respect to its center, two orthogonal circular ares of equal 
radii, and a loop of the lemniscate of Bernoulli. 

R. M. Wingren, USA 


Experimental Stress Analysis 


1371. Hugh Ford, ‘Mechanical methods for the measure- 
ment of internal stress,’”’ Jnst. Metals Monogr. Rep. Ser., no. 5, 
1948, pp. 3-11. 

\ review of the experimental methods available for determining 
ternal stresses in cylinders, tubes, flat plates, and bars is given, 
long with the appropriate formulas for reduction of the experi- 
mental data. A bibliography of significant literature on the 


subjeet is also included in the paper. A. H. Flax, USA 


Rods, Beams, Shafts, Springs, Cables, ete. 


~ 


(See also Revs. 1370, 1385, 1398) 


1372. R. W. Hofmann, “The efficiency of plate girders and 
their most economical height”’ (in German), Bauplan. Bautech., 
Oct. 1948, vol. 2, pp. 275-282. 

In the first part of the paper the author discusses the minimiza- 
tion of the ratio of the integral, taken over the length, of the sec- 
‘ion modulus, to the volume of a girder. He takes into account 
such factors as minimum allowable thickness of web, and includes 
in the volume such elements as stiffeners, butt straps, rivet heads, 
ind excess length of cover plates. Numerical examples are given. 
In the second part of the paper the relations between moment 
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of inertia of the cross section, the cross-sectional area, and the 
depth of a girder are discussed. 

Finally the most economical design of a girder is considered 
under given conditions of maximum allowable stress and maxi- 
mum allowable deflection. Wm. R. Osgood, USA 


1373. R. William Héjlund, “Calculation of bending of beams 
with constant moment of inertia” (in Swedish), Tekn. Tidskr., 
Mar. 26, 1949, vol. 79, pp. 237-240. 

The author shows how the influence lines for deflections can 
be used, by integration of the elements of area, for the drawing of 
a diagram from which the deflections for beams with uniformly 
distributed load can be read. Another diagram is presented for 
beams with triangular distributed load. The diagrams are also 
useful for the determination of reactions in continuous beams. 


A. R. Holm, Denmark 


1374. N. O. Myklestad, “A tabular method of calculating 
helicopter blade deflections and moments,” ./. appl. Mech., June 
1948, vol. 15, pp. 97-106. 

This paper presents a method of tabular integration for the 
beam-bending equation of a rotating helicopter blade. Only the 
case of bending out of the plane of rotation is considered, and one 
of the principal axes of the blade is assumed parallel to this axis. 

Both constant and periodically varying loads are treated, the 
latter by decomposition into constituent harmonic terms. The 
analysis for constant loads is similar to the one currently in use in 
helicopter-blade analysis, first proposed by Stuart [J. aero. Sez., 
Apr. 1943], and improved by the author [.J. aero. Scz., Oct. 1943]. 
The analysis for harmonically varying loads is based on the 
assumption that the loads may be computed from the usual 
helicopter theories as if the blade were rigid, and subjected to 
certain rigid body motions—such as harmonic feathering—or har- 
monie oscillation of an aileron. These loads are then applied to 
the rotating blade, which is considered at this stage to be flexible— 
but not subjected to the motions and aerodynamic actions which 
produced the original loads. The additional inertia, centrifugal, 
and aerodynamic forees due to the deflection of the blade are 
computed and superposed on the original loading to obtain the 
final blade loading. 

The aerodynamic forces due to blade deflection are computed 
on the basis of strip theory, using the aerodynamie forces on a 
harmonically oscillating two-dimensional airfoil, as in flutter 
theory. All forces and deflections are expressed in complex 
form. The tabular integration is earried out by dividing the 
blade into sections and assuming that loads and masses are con- 
centrated at the ends of sections only, so that the shear and cen- 
trifugal force are constant along a section. <A tip slope and 
deflection are assumed as initial conditions for the tabular integra- 
tion; these are determined (after the integration has been carried 
in to the blade root) from the boundary conditions at the root 
An appendix indicates how blade torsional deformation may be 
included in the analysis. A. H. Flax, USA 


Plates, Disks, Shells, Membranes 
(See also Revs. 1371, 1377, 1383, 1389) 


1375. S. S. Manson, “Determination of elastic stresses in 
gas-turbine disks,” Nat. adv. Comm. Acro. Rep., no. 871, 1947 
(issued in 1949), 11 pp. 

In this report the author presents a finite difference solution for 
the stresses in gas-turbine disks. The method assumes a two- 
dimensional state of stress. An allowance for radial variations in 
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thickness, temperature, modulus of elasticity, coefficient of ther- 
mal expansion, material density and Poisson's ratio is included in 
the solution. The procedure is direct and is so arranged that the 
necessary calculations may be made by nontechnical personnel. 


Illustrative examples are included. Paul F. Chenea, USA 


Buckling Problems 


1376. Georg Schnadel, “‘The strength of transversely stiffened 
decks of ships,” He/ssner Anniv. Vol., J. W. edwards, Ann Arbor, 
1049, pp. 256-267. 

The hull of a ship is generally considered to be a beam bent by 
its own weight, bv its loading, and by the action of the surround- 
ing water. The strength of the hull in bending depends essen- 
tially on the buckling strength of the flange plates. Of special 
importance is the deck, which has only relatively light reinforce- 
ment and is usually transversely stiffened in)’ merehant-ship 
building. The buekling problem of the hull is formulated in this 
paper as follows: Consider the deck to be an infinitely long plate 
with transverse stiffeners. One of the long edges of the plate is 
assumed to be simply supported and the other edge is considered 
to be jointed to another transversely stiffened plate. The second 
plate may be either simply supported or elastically built-in along 
its other long edge. The compressive stress in the deck plate is 
assumed to be uniformly distributed and the compressive stress 
in the side plate to decrease linearly. The approximate magni- 
tude of the buckling load is determined by the energy method. 

C. T. Wang, USA 


1377. Herman F. Michielsen, “The behavior of thin cylindri- 
cal shells after buckling under axial compression,” ./. aero. Sc/., 
Dec. 1948, vol. 15, pp. 738-744. 

The postbuckling behavior of thin cylindrical shells under axial 
compression is studied by an extension of the investigations of 
von Kaérmdn and Tsien. The minimum stress sustained after 
buckling is found to be O.195#t/R. A maximum. stress of 
O.77Et/R is also reported, but it is considered questionable by the 
author due to the approximation assumed in the deflection sur- 
face, Conrad C, Wan, USA 


1378. P. P. Bijlaard, ‘‘Fundamental observations regarding 
the buckling of plates and shells in the plastic range”’ (in Ger- 
man), Mitt. Inst. Baustat. Eidgenéss. tech. Hoch. Ziirich, no. 21, 
1948, 32 pp. 

This rather discursive paper is one of the few which have been 
written so far on the plastic buckling of plates and shells. Stress- 
strain relations and energy of deformation are considered in some 
detail, The author compares the plastic relations, which he de- 
velops, to the anisotropic stress-strain relations for erystals. 

With the aid of the plastic stress-strain relations a differential 
equation for the plastic buckling of plates, similar in form to that 
for elastic buckling, is developed. In a table is presented a com- 
parison of the number of half-waves into which a plate buckles, 
ealeulated from this theory, and the number given in published 
experiments. In another table is given a comparison of the buck- 
ling stresses found by the author, with the buckling stresses pre- 
dicted by elastic theory , for 12 plates with various edge conditions, 

No equations for the plastic buckling of shells are given. The 
title of the paper apparently refers to some general discussion of 
the earth’s erust as a shell ‘floating’ on a substratum. Some 
very interesting results of the application of a plastie theory of 
Jocal deformation to explain the formation of continents and 
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archipelagoes are given in the form of maps with superimpos«| 
calculated networks giving the directions of “‘lines of flow.”’ 
W. H. Hoppmann IT, Us4 


Structures 
(See also Revs. 1376, 1460, 1461, 1470) 


1379. M. D. Brisby, “Vierendeel girder analysis,” Enginers- 
ing, Jan. 14, 1949, vol. 167, pp. 25-27. 

The Vierendeel girder is considered to be a system of continu- 
ous frames. For each frame 4 four-moment equations can be 
written, whose number is thus equal to the number of unknown 
boom end-moments. The post end-moments are then determined 
by the equations of equilibrium of moments at the joints. Since 
the four-moment equations involve the angles of drop, anothe: 
equation is needed for each panel; this is obtained from the con- 
dition of equilibrium between the boom moments and the vertical 
shear forces through the panels. For m panels there are available 
5m — 1 equations for 4m unknown moments and the m — | un- 
known deflections. This system of equations is solved by the 
Gauss method of successive elimination. A numerical example is 
given. I. Stiissi, Switzerland 


1380. A. van der Neut and F. Plantema, “Stress distribution 
in wings with two nonparallel spars connected by elastically 
deformable ribs and skin” (in Dutch), Nat. LuchtLab. Amster- 
dam Rap., 1947, no. 8. 251, 18 pp.; no. 8. 279, 9 pp.; no. 8. 326, 
3 pp. 

The authors consider two spars connected by parallel ribs 
The rib system is schematized, each rib considered replacing « 
group of actual ribs, its shear rigidity being assumed equal to thc 
total shear rigidity of the group. Ribs are assumed at all points 
where there are discontinuities, as well as at other more or less 
arbitrarily chosen points. Between the ribs the spar flanges and 
the lines through the torsional centers of the spars are straight 
while at the ribs their directions may change. 

In report 8. 251 an exact consideration of the torsional rigidity 
of the spars was omitted, while in report S. 279 the theory is es- 
tended for the case of spars with a finite torsional rigidity by the 
ussumption of suitable torsion tubes. 

The skin is connected with the flanges and with the ribs and 1s 
supported by a continuous system of stiffeners running paralle! 
to the ribs. The loads are applied normally to the plane of the 
wing and are assumed to be symmetric or antisymmetric. 

From the theorem of least work a recurrent system of lines! 
algebraic equations is derived which is sufficient to determine th 
bending moments in the spars and the torsional moments in the 
torsion tubes. The solution of this recurrent system is discussed 
In reports S. 251 and S. 279 the solution is found by the well- 
known method of superposition of the nonhomogeneous eqts- 
tions, starting with arbitrary values for a suitable number o! un- 
knowns and mutually independent solutions of the homogeneous 
equations so that the boundary conditions are satisfied. 

In report S. 326 it is stated that, because of difficulties exper!- 
enced in a numerical example in getting sufficiently accurate re- 
sults with the above method of solution, several other procedures 
were tried. It is concluded that the Gaussian method of solving 
a set of simultaneous linear equations seems to be the most «i! 
quate. In this report the authors also consider the particul:! 
case of wings with the skin partly absent. 

W. L. Esmeijer, Holland 
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1381. 
English), Publ. tech. 
1948, no. 2, pp. 22-36. 


The method presented is a modification of the Hardy Cross 


thod of analysis of frames and gives a better 


specially when the beams are rigid in comparison to the columns. 
lhe Cross method has two groups of partial deformations, pure 


tion and pure translation. 
pure distortion. 


The author adds a third group, 


ing of one horizontal beam and the adjoining vertical columns. 
lhe deformation of the panel is characterized by the horizontal 
lisplucement of the two adjoining stories with respect to the beam 
considered, and by the rotation of the joints of the beam, which 
ive to rotate through the same angle ¢. The three conditions 
necessary to calculate the two displacements and the angle ¢ 
we —that the sum of the horizontal forces in each adjoining set of 
‘olumns is zero, and that the sum of the resulting moments in 
‘he joints of the horizontal beam is zero. Pure distortion is then 
ipplied to one after the other of the panels into which the whole 
rame can be decomposed. J. J. Koch, Holland 


1382. Radu Priscu, “Contribution to the study of lines of 
equal principal stresses in a vertical faced gravity dam” (‘in 
French), Bul. Polit. Bucarest, May—Dee., 1948, vol. 17, pp. 130- 
l44. 

The author develops equations for the variations of the prinei- 

| and’ maximum shearing stresses in a gravity dam of triangular 
Presumably the 
The de- 
clopment is based on expressions for plane stress distribution 
ittributed to Ludin-Télke [Wasserkraftanlagen, vol. 9] and D. 
Pavel [Cdderi de apd, vol. 1}. 
tresses are indicated as being functions of the porosity and 


ross section with a vertical upstream face. 
vater is assumed to be even with the top of the dam. 


In these expressions the normal 


water-cement ratio of the concrete, in addition to the usual 
geometric and specifie weight factors. Glenn Murphy, USA 


1383. Ake Holmberg, “Calculating flat slabs of reinforced 
concrete” (in English with French and German summaries), 
Publ. int. Ass. Bridge Struct. Engng., 1948, prelim. publ., pp. 
19-506. 

The author gives recommendations and methods for the design 

flat building slabs, based in part on tests of six circular plates 
vith, however, only a ring support instead of a column capital at 

«center. He recommends the use of radial and circumferential 
is in general. However, practical considerations usually make 

rectangular arrangement of reinforcement more desirable; the 
greater toughness of such an arrangement seems to have been 
nadequately considered in the tests and in the design reeommen- 


N. M. Newmark, USA 


ations, 


1384. Henry Lossier, ‘‘Self-stressing concrete by using ex- 
pansive cements” (in French), Mémo. Soc. Ing. civ. Fr., Mar.- 
\pr. 1948, vol. 101, pp. 189-225. 

Prestressing obtained by stretching the steel reinforcing bars or 
vires independently of the concrete, either before the concrete is 
poured (pretension) or after it is set (posttension), is one of the 
ost important developments in concrete technique in the last 
-() vears. Both methods, however, require special equipment to 
‘tretch the steel. 

The author of this paper introduces a new and important 
hange in these techniques by developing an expansive cement. 
During setting the cement, instead of shrinking, expands and 


itself in compression by stretching the steel. The cement 


P. Csonka, ‘‘Analysis of frames with movable joints” 
Univ. Budapest (Miieqyetemi Kozl.), 


eonvergence, 


Using this the author considers a panel consist- 
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Portland, 


The author claims that with the right mixture of the 


used is a mixture of a sulfoaluminum cement and a 
stabilizer. 
three elements it is possible to obtain any desired expansion in 
any desired time. Mortars made with expansive cements have 
the same strength as the base cement at 28 days, and progressively 
higher strength after that age. The paper includes the results of 
several long-time tests made with the new cement, and a deserip- 
tion of many applications, mainly in the fields of foundations, 


A. J. Durelli, USA 


bridges and highways. 


1385. W. Oppelt, K. Kammiiller, K. Karas, W. Swida, and 
G. Denkhaus, “Elasticity and plasticity” (in German), Z. angevr. 
Math. Mech., Aug.-Sept. 1947, vol. 25/27, pp. 165-170. 

These are summaries of five lectures delivered at the Deutsche 
Conference), 


Mathematiker-Tagung (German Mathematicians 


Karlsruhe, 1947. Oppelt’s lecture reviews a paper of O. Foppl 
(“Damping during alternating torsional loading of preloaded 
bars,” Ingen.-Arch., 1947, vol. 16, pp. 107-110]. 


proposal for the calculation of the relative damping, based on test 


It contains a 


results. 

Kammiiller’s paper concerns the determination of the influence 
of changes in cross sections of statically indeterminate systems. 
It deseribes a procedure for recomputing the statically indeter- 


sMinate quantities after making small changes in certain elasticity 


coefficients, which makes use of the originally determined values. 

Karas reports on “Determination of the pressure exerted by 
freshly filled-in concrete on the surrounding shell,” taking account 
of hardening and friction. An approximate method is indicated, 
the results of which agree reasonably well with those of exact 
caleulations. 

Swida describes a ‘Proeedure for determining structural de- 
fleetions in the elastoplastic range,’ his paper dealing with 
straight and curved beams in bending. 

Finally, Denkhaus reviews another paper of O. FOppl, published 
in \Wetalloherfldche, 1947. 


of eyvlindrical torsion-rod springs so as to obtain optimum fatigue 


This is concerned with surface rolling 
properties. The results of tests do not agree with Hertz’ equa- 
tions in that no simple rules ean be established for the maximum 
residual stresses and the thickness of the surface laver where 


Fr. J. Plantema, Holland 


compressive stresses oecur. 


Rheology (Plastic, Viscoplastic Flow) 


(See also Revs. 1391, 1393, 1397, 1399, 1400, 1401, 1404, 1495, 
1470) 


1386. I. I. Goldenblat, ““On a method in the theory of elastic 
and plastic deformations” (in Russian), Notes Acad. Sei. USSR 
Doklady Akad. Nauk SSSR), Aug. 21, 1948, vol. 61, pp. 1001 

1004. 

The author claims that the basie thermodynamic relations for 
reversible isothermal deformations of a solid may also be applied 
long as unloading is 


to (irreversible) plastie deformations, as 


avoided. Assuming the free energy to bea function of the linent 
and quadratic invariants of the tensors of stress and strain, the 
author obtains stress-strain relations for plastic materials with on 


without strain hardening. W. Prager, USA 


1387. 
plastic materials with strain-hardening,”’ ./. 
1948, vol. 27, pp. 1-10. 

After introducing a suitable definition of loading and unloading 


P. Hodge and W. Prager, “A variational principle for 
Math. Phys., Apr. 


of a plastic material with strain hardening, the authors establish 


the following variational principle, The volume integral ot 
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g,,€;, over the entire body is less for the actual stress rates than it 
is for any system of artificial stress rates which satisfy equilibrium 
and boundary conditions, and which either are indefinitely near 
the aetual stress rates, or constitute unloading in all regions of 
the body where the actual stress rates constitute unloading. 
Here o | 
tension to certain mixed boundary value problems is also 


and €,; represent the rates of stress and strain.) An ex- 
ndi- 

eated. The results apply only to cases when loading from the 

at most one unloading. 


I. B. Hildebrand, USA 


stress-free natural state is followed by 


Courtesy of Mathematical Reviews 


1388. 
viscous deformation” (in Italian), R. ©. 
1948, vol. 4, pp. 515-519. 

The author develops an equation defining the variation of 


G. Colonnetti, ““A general approach to the problem of 
Accad. Lincei, May 


state, in terms of stress and deformation, from the beginning of 
viscous flow in a homogeneous medium subjected to a given sys- 
tem of forces and impressed deformation. The question de- 
veloped for viscous deformation is similar in form to the one for 
plastic deformation. Discussion of the application to the evalua- 
tion of strains in a homogeneous solid subjected to viscous defor- 
mations proportional to the corresponding stresses is included. 


Glenn Murphy, USA 


1389. 
walled cylinders,’ 
Arbor, 1949, pp. 480-448. 

The author determines strains and stresses In nonviscous plas- 


A. Nadai, “Theory of the plastic distortion of thick- 
P Vol., J. W. Edwards, Ann 


Reissner Anniv. 


tie flow of thick-walled hollow cylinders loaded by a longitudinal 
force combined with an inner or outer radial pressure. For smail 


radial, tangential and axial strains, the well-known relations 


€, = = € 2 —_ OFF + & = - €9 2 + ¢/yp? (1 


hold, while the stress-strain dependence is given by 


€é, = ¢[a, (o, + o,)/2], ete. 2 
For finite strains defined by 
é-* = In(1 + €,), €,* = In(l + €,), €,* = &* = In(l + e€,), 


the relations (with wu = de*/dt 


replace Equations (1) and (2), 1,, 4, uo = 


u, being the strain 
velocities, ¢ a constant and W the flow function that replaces ¢. 
Since the form of Equations (1) and (2) is preserved for finite 
strains the same mathematical expressions will be obtained as 
for small deformations, 

For nonviscous plastic flow at constant reference stress do, 
where 


20.7 = (9, 0,)? + (¢, - 


r 


and for small plastic strains, the following relations hold [with o; 


. i 1 gee 
= 6o/sin(w/3)): o, = — go, In tg(mw/4 + a@/2) + 1, Oo = Of + 
Oo, Sin Q, O62 = Or + OG; sin (2 T @): ¢ is a constant of inte- 


gration, determined from the boundary stresses, and cot @ = 
€or? ¢)sin(7/3). These relations persist for finite deformations, 
as observed before. In this case one obtains for the flow pres- 
sure p the value a, In (b’/a’) where b’ and a’ are the deformed 
radu of the eylinder. 

If strain hardening occurs, the hardening function being tT = 
f(y), Tand y being the octahedral shear stress and shear strain, 


respectively, the author proves that for pure radial flow 





VO\ 
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(3/2) pf Vrdy /(r'2/r? — 1) 


= 


V(2/3)In(r?/r?). If the hardening functic, 
To(1 + cy), plastic deformation sets in when » 


For ¢e<1.225 the flow pressure decreases, for ¢> 1.295 


where Y = 
linear, T = 
o\ln(b/a). 

If axial flow 
occurs too, corresponding relations for o; and oz can be derived. 


it has a Maximum in the course of the deformation. 


and the author obtains an expression for the inner pressure. 


Ik. Siebel, Germany . : 
Failure, Mechanics of Solid State 
(See also Revs. 1385, 1393, 1409) 

1390. P.G. Jones and W. J. Worley, “An experimental study ny 
of the influence of various factors on the mode of fracture of ee 
metals,” Proc. Amer. Soc. Test. Mat., 1948, vol. 48, pp. 648-663 p abe 

The factors related to the external conditions imposed on e 
given metal, which determine whether the mode of fracture is o ae 
a ductile or a brittle type, are considered to be rate of strain, vm 
stress concentration, state of stress and temperature. The paper a 
presents experimental results on the influence of combinations PPS 
these factors on the mode of fracture of three steels and ape 
aluminum alloy. The effect of strain aging on the mode of frac- ee 
ture of a semikilled steel and a rimmed steel was also investigated 18 

The stress concentration and state of stress were varied — 
making tests on notched and unnotched specimens in tension and 
on unnotched specimens in torsion. The rate of strain was varied Desi 
by making static and impact tests in tension and in torsior , 
Test temperatures from room temperature to —310 F were used ir 
determining the temperature of transition from a ductile to 
brittle type of fracture. T. J. Dolan, USA 

1391. Albert Kochendérfer, “Calculation of tensile strength 
of metals, and its dependence on the strain rate and tempera- 139; 
ture” (in German), Metallforsch., June 1947, vol. 2, pp. 173-186 Publ. 


According to an earlier paper of the author [Reine any 179-15 


Metallk., 1941, vol. 7] the cubie metals (in contrast to the hexag- The 
onal ones) possess a physically defined proportional limit o) = ved 
oo* + op where oo* is the average of the proportional limits of sioned 
monocrystal over all orientations, and a» the stress hardening du the de 
to inhomogenous deformation of the crystals. Beyond this limit tlity 
the true stress ¢,, equals 0) + @,,y, the second (strain-dependent 
term being the mean value (over all orientations) of the mono- 
erystal-true-stress portion due to stress hardening. Denoting 1300 
by ty* the hardening-caused portion of the monocrystal critic ‘ial 
shear stress, the relation Ty* = /(p*a), where a is the slip, is 1948 : 
stated without explicit reference, and the reader is referred to tli . Thi 
previously quoted paper for the relations o,y* = 2.24 Ty* and _ 
a = 2.246 (disthestrain). Hence . on 
viously 
O,v = V(pd) with p = (2.24)**, I}. 
i J 
and a stress-strain law in the plastic range is obtained, roxim 
The proportional limit and the hardening parameter p* ©! the re calc 
polyerystal depend on the strain rate @ = d6/dt and the absolut it (th 
temperature 7’, both determined by the corresponding qu:antitie> tories ¢ 
for the monocrystal. These dependences are given in the author > pr /ar) 
earlier paper, below the temperature of fusion 7’,, as perk ay 
vhat 
Oo* = Gw*(l — BV (1 — log w/log a) VT} oe 
with 2 F 
8, = 0.034 and a = 4.8 X 10", sa 
The stress-hardening portion op of the proportional lim: minimw 








dy 


gth 
ra- 


sh) 
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tice distortions, for moderate strain rates depends on 7' only. 
Below the reerystallization temperature 7’p this dependence is 


Op = op’ = op, V(1 — T/T,), 


2 


Gp = 6p'(T, — T)2/(T, — Tz)?. 


The strain-rate and temperature dependence of the polyerystal 
rameter p, proportional to p*, is given under normal conditions 


p = pl — T/T,)(1 — Bexp(— D/VT)|, 
B = Bw 7, D = D,/(1 — long w/log a). 


rhe constant Y can be derived from experiments of J. Weerts 
Forsch. Arb. Ver, deutsch. Ing., 1929, no. 323) for aluminum and 
is about 0.015. The formulas must be modified somewhat for 
ge strain rates, since in this case the migration velocity of the 
lislocations cannot be considered infinite. 

With the help of the relations derived, the strain-rate and tem- 
perature dependence of the tensile strength in aluminum and 
ypper was caleulated from the values for monocrystals, and was 
ompared with the experimental results of Nddéi and Manjoine 
J. appl. Mech., 1941, vol. 8, p. 77| at strain rates of 107? to 106 
i per see at various temperatures. Satisfactory agreement was 
tained. Ii. Siebel, Germany 


Design Factors, Meaning of Material Tests 


(See Rev. 1390) 


Material Test Techniques 
(See also Revs. 1385, 1390, 1391, 1406, 1407, 1408) 


1392. B. Z. Sélyom, “Wear testing machine” (in Hnglish), 
Publ. tech. Univ. Budapest (Miiegyetemi Kéal.), 1948, no. 3, pp. 
179-188. 

The article contains a discussion of the physical variables in- 
volved in wear tests and a description of a testing machine de- 
signed to measure them. <A few innovations are incorporated in 
The design, and results of several tests are given to show the 


juility of data obtainable. George Hl. Lee, USA 


1393. Erich Siebel and Siegfried Schwaigerer, “On the 
mechanics of the tension test” (in German), Arch. Eisenhiittenw., 
IN48, vol. 19, pp. 145-152. 

This is a compact analysis of the nature and consequences of 
wecking in unnotched round bars. Part of it was published pre- 
ously [Wiss. Abh. dtsch. Materialpriif., 1944, ser. 2, no. 5, pp. 

1|. The sections are: 

| Distribution of stress. By plausible assumptions and ap- 
rvoXimations, not all stated, the radial and axial principal stresses 
re calculated; hoop stress is taken equal to radial stress through- 
it (this assumption is discussed in an appendix). The trajec- 
‘ories of axial stress are assumed to have a profile radius p, = 
prc)" where r is the sectional radius. With n unity, the 
peak axial stress and triaxiality at the center of the neck are some- 
vhat higher than Bridgman’s values. Flow stress 4, (axial minus 
lial) is assumed uniform in the minimum section, 

2 Flow curve. The radial stress in the neck increases the load 
needed for flow. Evaluation of /, requires observation of p,. A 
series of profiles at six stages of flow is shown; except near the 
iinimum section, p, <9, that is meridional profiles are convex out- 
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ward. Results of this analysis are given for four materials, con- 
ventional stress, flow stress, axial stress and peak stress being 
plotted against reduction in area Y; they increase in the order 
named, It is assumed that rupture begins at the axis and is 
quickly followed by separation. The peak axial stress at the 
highest Y observed is called ‘‘technical cohesive strength.” 

3 Necking process. The inclination @ of the maximum princi- 
pal stress trajectory is zero at the axis. Elsewhere @ enters along 
with p, into the relations between the principal stresses and the 
load; these are reduced (without proof) to terms of a correction 
to the ratio of conventional stress to flow stress, based on the 
observed values of @ at the surface. These considerations are 
said to permit calculation of the profile of the neck from the flow 
eurve found in a compression test. Observations of tensile 
necked profiles reveal a region about the minimum section where 
flow continues and the meridional profile is concave, separated by 
a discontinuous boundary (which progressively moves inward) 
from a region in which flow has ceased and the profile is convex. 

4 Significant data from tensile test. The flow curve, ky vs. Y, 
characterizes the material and would be the same by any test. 
In principle, the suecessive forms taken by a tensile specimen 
could be calculated from the flow curve, and hence the ultimate 
strength and reduction in area. The cohesive strength at frac- 
ture is hard to measure in ordinary tests, but in any ease is less 
significant that the cohesive strength in the unstrained condition, 
which must have a higher value. This last has not been meas- 
ured, but it is said that it can be approximated by multiplying 
the ultimate tensile strength by the ratio of the areas of the origi- 
W. P. Roop, USA 


nal section to the fracture surface. 


1394. Forest Products Laboratory Staff, ‘‘Methods of tests 
for determining strength properties of core material for sandwich 
construction at normal temperatures,” Mor. Prod. Lab. Rep., no. 
1555, March 1948, 19 pp. 

The report describes the procedures which have proved satis- 
factory in the testing of strength properties of materials used for 
Methods of selection of 
specimens, control of moisture content and observation of re- 


the cores of sandwich constructions. 


sponse to loading are outlined for compression, tension, shear and 
Photographs of testing equipment are included. 
A. M. Freudenthal, USA 


torsion tests. 


1395. W.P. Mason, W. O. Baker, H. J. McSkimin, and J. H. 
Heiss, ““Measurement of shear elasticity and viscosity of liquids 
at ultrasonic frequencies,” Phys. Rev., Mar. 15, 1949, vol. 75, pp. 
936-946. 

Two vears ago, one of the authors |see Rev. 4, Jan. 1948] 
showed experimentally that, in addition to normal viscosity, 
liquids possess shear elasticity when the rate of stressing is suffi- 
ciently high. The elastic effect becomes significant at a relaxa- 
tion frequency f,, Which is approximately proportional to the ratio 
of the shear elasticity uw to the shear viscosity 7. For light, mo- 
bile liquids such as water, f, is extremely high and lies outside the 
limit of present-day techniques. 

With long-chain-polymer liquids, 9 can vary between 10 and 
10® poises and f, between 10° and a few cps, and the existence of 
shear elasticity in these liquids was demonstrated by Mason 
from measurement of the resonant frequency and the damping of 
a quartz crystal set in torsional oscillation, first in air and then in 
the liquid. The disadvantage of this method lies in the fact that 
the size of the oscillating crystal becomes inconveniently small for 
frequencies exceeding 5 & 10° eps. 

To overcome this limitation a new method has been devised, 
based on the effect of a liquid on the reflection of shear stress 





. j 


waves in a solid. To simplify the interpretation of the experi- 
ments, the stress waves are suitably polarized and they are gen- 
erated in the form of pulses of short duration by a erystal and 
transduced, after reflection, by a second crystal. The pulses 
ire set-up in a rod of fused quartz, and a comparison of the re- 
flected signal with and without a suitably-placed layer of liquid, 
enables the shear elasticity of the liquid to be determined. In 
this way the upper frequency limit has been raised to 6 & 107 eps 
uid experimental results for polyisobutyvlene and poly-a@-methyl- 
stvrene liquids show that these liquids possess two relaxation fre- 
quencies, the first in the region of 10° cps and the second in the 
high-megacycle range; the shear elasticity associated with 
the latter is about 200 times as great as that associated with the 
hormer, 

These results are interpreted in terms of the various types of 
changes which can occur in the configuration of the molecules, 
and it is worth noticing that the higher value of the shear elas- 
ticity approaches that for a loosely-bound crystal, suggesting that 
the high relaxation frequency is associated with motion Inside 
single potential well. (lor the theory of the method, see follow- 


R. M. Davies, Wales 


ing review 


1396. H. T. O’Neil, ‘Reflection and refraction of plane shear 
waves in viscoelastic media,” Phis. Rev., Mar. 15, 1949, vol. 75, 
pp. 928-935 

This paper is concerned with the theory of the method re- 
cently developed by W. P. Mason et al, for the mensurement of 
shear elasticity and viscosity of liquids in the high megacycle 
region (see preceding review). The method is based on the meus- 
urement of the attenuation and the phase Change which a shear- 
stress wave in a solid suffers when it is reflected and refracted at 
Ht) plane interface between the solid and the liquid under test. 

To deduce the relationships required to interpret the « xperi- 
mental results, the author first discusses the propagation of sinu- 
soidal waves in a viscoelastic medium in which the relations be- 
tween stresses and strains and their time derivatives are linear 
This is followed first by a general account of the reflection and 
retraction. of plane shear waves with this type of medium, and 
then an analysis of the correlation of the properties of the medium 
with the quantities measured experimentally. 

In the experiments, increased sensitivity was obtained by using 
incident waves cirected obliquely at the interface and the theo- 
retical treatment includes the effect. of obliquits of incidence 
An appendix vives a discussion of a restriction of the accuracy of 
the theory, which is shown to be unimportant under the actual 
experimental conditions. R. M. Davies, Wales 


Mechanical Properties of Specific Materials 
(See also Revs. 1390, 1408, 1458 
1397. Karl Mathieu, ‘On the tensile strain behavior of aus- 
tenitic steels at low temperatures” (in German), Arch. Eisen- 


, 1948, vol. 19, pp. 169-178. 
\ study was made to determine the phase changes of austenitic 


huttenu 


stecls during tensile tests, and, in particular, « connection be- 
tween the vield strength and the (y-q@)-transformation was estab- 
lished. The test materials were used in the form of small wires 
0.0787 in. diam) of a Cr-Ni steel (0.18 Cr, 0.8 Nil a (Cr-Mn 
stec] (0.176 Mn, 0.122 Cr) and a Mn steel (0.19 Mn, 0.12 Cr, 0.3 
C These steels change their phase condition only by simul- 
taneous action of low temperature and cold-working. 

The phase change occurring in a tensile test at +20 and — 183. C 
was measured by magnetization with a field strength of about 180 





APPLIED MECHANICS REVIk\s 


amp-turns per cm and use of a ballistic galvanometer. Ppp, 
the stress-strain diagram and the corresponding magnetizatio; 
curves for the three steels tested, it can be noted that a (y-q@)- 
phase change is closely connected with the appearance of 4 yiel\ 
point. The less distinct the latter and the smaller the yiel\ 
range of the steels, the less noticeable is the onset of the (y a)- 
transformation. 

The author points out that considerable yielding is impossil))| 
without a phase change. The specific mechanical phenome; 
vccurring during yielding (under tension and at low tempe: 
tures) are credited by the author to increased deformability of th. 
material at the instant of the phase change. 

M. Hempel, Germany 


1398. Harold C. R. Carlson, “Copper-base alloys for springs 
parts 1 and 2,” Prod. Engng., 1949, vol. 20: Feb., pp. 103-107: 
Mar., pp. 87-91. 

Part I presents general and specific data on the copper-base 
group of alloys used for spring materials. Discussions and dats 
tubles are given concerning corrosion, stress-corrosion cracking, 
gages, temper hardness, workability, and methods of joining o' 
the alloys spring-brass, phosphor-bronze, and beryllium coppe: 
Part IT presents data (chemical composition, physical constants, 
and mechanical properties) for the same alloys, with discussions 
of heat-treatment, and applications of each alloy. Brief discus 
sions are also given of five other copper-base alloys. 

P.S. Symonds, US.\ 


1399. J. E. Burke and C. S. Barrett, “The nature of strain 
markings in alpha brass,” 7'rans. Amer. Inst. min. metall. Eny 
1948, vol. 175, pp. 106-125. 

Polverystalline specimens of 70-30 alpha brass and single 
tals of 80-20 alpha brass were subjected to plastic strains (most 
tensile) after which parts of the specimens were mechanically «at 
electrolytically polished. The specimens were then etched to 
bring out the strain markings resulting from the deformations 
It was found that the strain marks were equivalent, or closely re- 
lated, to the usual slip bands caused by strain, and that strain 
markings could be detected as soon as slip lines were detected on 
the surface. 

Much of the paper is concerned with whether the deformations 
were a result of mechanical twinning or slip. X-ray studies and 
other observations gave no evidence of twinning. It is con- 
cluded, from the direction of displacement as determined by the 
surface markings and from the magnitude of translation along « 
strain marking, that the deformation could be caused only bs 
slip. Irwin Vigness, Us.\ 


1400. R. Maddin, C. H. Mathewson and W. R. Hibbard, Jr., 
““Unpredicted cross-slip in single crystals of alpha brass,” /' 
Amer. Inst. min. metall. Engrs., 1948, vol. 175, pp. 86-105. 

Half-ineh rods of 70-30 alpha brass were made into single cry> 
tals by the Bridgman method. These were polished mechani- 
cally and electrolytically and subjected to tensile loading of 100!) 
per min. Load-extension measurements were made at frequen! 
intervals. No work hardening was observed. Laue patterns 
were made after various amounts of plastie strain but no asterism 
was observed. The experimental observations were mainly 0! 
the appearance and characteristics of the slip lines, with espe 


‘ 


attention to “cross-slip” lines that were frequently observed | 
connect the ends of nearby glide lamellae. It was observed tha‘ 
slip began at a resolved shear stress of about 1640 psi, after which 


clusters of slip lines appeared. Further deformation produce: * 
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greater concentration of lines. It is suggested that the tendency 
of the lattice to rotate and the constraints imposed by the grips 
| unslipped matrix material sets up strains which are relieved 


yy the cross-slipping. At very high magnification slip lines were 


observed about 340 atomic diam apart. Irwin Vigness, USA 


1401. W.R. Hibbard, Jr., R. W. Fenn, Jr., Harold Margolin, 
and H. P. Moore, “Deformation lines in cold-rolled copper and 
its binary alpha solid solution alloys with aluminum, nickel and 
zinc,’? T’rans. Amer. Inst. min. metall. Engrs., 1948, vol. 175, pp 
74-85. 

The paper reports observations of the effect of solute atoms on 
the minimum rolling reduction that must be given to a copper 
vlloy before appreciable deformation lines (markings produced in 
ihe grains of a cold-worked metal by etching) are revealed. The 
minimum is greatly reduced by nickel and zinc, and particularly 
by aluminum. No correlation is found with grain size or with 
solution or strain hardening. It is suggested that the rate of 
etching may depend directly on the percentage of solute atoms 
and not necessarily only on disordering of the lattice by cold- 
work, Rodney Hill, England 


1402. P. C. Varley, “The recovery and recrystallization of 
rolled aluminum of commercial purity,” /. Just. Wetals, Dee. 
1948, vol. 75, pp. 185-202. 

When a cold-worked metal is annealed there is considerable 
reduction in strength before any observable recrystallization 
occurs. The authors refer to this as “recovery.” 
the composition, casting methods, final cold-work, and previous 
lhot-working and heat-treatment of polycrystalline aluminum 
sheet, the authors show that there is no discontinuity in the iso- 
thermal annealing curves which would indicate an onset of re- 
crystallization. They find that recrystallization starts when the 
recovery has progressed to a point where the ultimate strength 


By controlling 


has reached some definite value. For the aluminum used this 
was 7!/2 tons per square inch. This value seems to be independ- 
ent of the previous history of the sample. 

The activation energy of the process was 51,240 cal per g atom. 
This also appears to be independent of the process variables and 
is the same whether measured in the recovery stage or after the 
onset of reerystallization. Ie. A. Davis, USA 


1403. N. Dudzinski, J. R. Murray, B. W. Mott, B. Chalmers, 
S. F. Grover and W. Munro, “The Young’s modulus of some 
aluminum alloys,” J. /nst. Metals, Jan. 1948, vol. 74, pp. 291-314. 

The desirability of finding aluminum alloys with «a higher 
Young’s modulus than those now available led to this investiga- 
tion. The alloys studied were chosen only with the purpose of 
increasing the Young’s modulus, no combination of desirable 
properties being sought. 

Most of the experiments were conducted with the metal in 
chill-east bar form. Among metals with one additional clement 
besides the aluminum (binary alloys), manganese was most effec- 
live in increasing the modulus, followed in order by beryllium, 
obalt, nickel, and silicon. Also investigated were ternary al- 
lovs, using largely the elements mentioned, and some quarternary 
alloys. One alloy was prepared in various conditions of fabrica- 
tion, and others in the forged condition only but with alloying 
tlements varied. Heat-treatment was applied to some. Prepa- 
ration of the material and the effect upon Young’s modulus are 
given in detail. 

Testing was done by use of Lamb’s extensometer on tensile 


test pieces. The alloys in the chill-cast condition were pre- 
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strained to not more than 0.1 per cent of the gage length. Sec- 
tions from the various allovs were microscopically examined for 
their existing constituents 

The authors strongly urge that more work be done in this field, 
especially on other alloys. In an appendix, measurements of 
tension and compression moduli of many of the above alloys are 
presented in detail, and indicate that for aluminum alloys the 
moduli sre equal. A. M. Zamboky, USA 


1404. Julius Miklowitz, ‘‘The initiation and propagation of the 
plastic zone along a tension specimen of nylon,” ./. Colloid Sci., 
Feb. 1947, vol. 2, pp. 193-215. 

This paper is a report covering an experimental investigation of 
the behavior of nylon in tension. The effect of speed of loading, 
rigidity of the testing machine and the nature of the region of 
plastic vielding in the specimen are discussed. 

Paul F. Chenea, USA 


1405. Julius Miklowitz, “The stress-strain relationship of 
nylon under biaxial stress conditions,” ./. Colloid Sci., Feb. 1947, 
vol. 2, pp. 217-222. 

This paper is a continuation of previous studies by the author 
(see preceding review) in which the stress-strain relation for nylon 
under biaxial stress is investigated and compared with the results 


of the simple tension test. Paul I’. Chenea, USA 


1406. A.G.H. Dietz, W. J. Gailus, and S. Yurenka, ‘Effect of 
speed of test upon strength properties of plastics,’”? Proc. Amer. 
Soc, Test. Mat., 1948, vol. 48, pp. 1160-1190. 

Following an extensive historical review, « description of a 
new stress-strain machine is presented, and experimental results 
are given for cellulose acetate-butyrate, paper and laminated 
fabrics, and for polyvinyl chloride and polymethyl methacrylate 

George Halsey, USA 


1407. L. J. Markwardt and J. A. Liska, “Speed of testing of 
wood: Factors in its control and its effect on strength,” Proc 
Amer. Soc. Test. Mat., 1948, vol. 48, pp. 1139-1159. 

Data are presented on the effect of rate of loading on the com- 
pressive strength and on the flexural strength of wood. The 
operation of various testing machines is considered at length. 

George Halsey, USA 


Mechanics of Forming and Cutting 
(See also Rev. 1401) 


1408. Hugh Ford, “Researches into the deformation of metals 
by cold rolling,” Proc. Instn. mech. Engrs., 1948, vol. 159, no. 39, 
pp. 115-143. 

The paper describes an extensive series of measurements of roll 
force and roll torque in the cold rolling of copper and 0.2 per cent 
carbon-steel strip (without front and back tension), carried out on 
a 10-in diam experimental mill at Sheffield University by a team 
of the British Tron and Steel Research Association, headed by 
H. Ford. 

The vield stress as a function of the plastic strain was obtained 
from tension and compression tests; it was used for comparing 
the measurements with theoretical calculations made by the 
methods of Ekelund, Orowan, and a new method developed by 
Bland and Ford. Owing largely to the low coefficient of friction 
(good lubrication), all methods give roll force values in good 





agreement with the measurements in the practically important 
ranges of reductions; for the highest reductions, the Ekelund 
method gives too low values (because, being « first approxima- 
tion, it does not taken into account the cumulative frictional 
effect). In the range of the variables investigated, the method 
of Bland and Ford gives practically the same values for the roll 
force as the Orowan method of which it is an approximate simpli- 
fication. The calculated torque values are in less satisfactory 
agreement with measurements. 

For the lowest coefficients of friction (smoothest roll surfaces) 
there is an approximate functional relationship between roll 
force and energy consumption for different reductions, 

I. Orowan, england 


1409. D. R. Bland and Hugh Ford, “The calculation of roll 
force and torque in cold strip rolling with tensions,” Proc. /nstn. 
mech. Engrs., 1948, vol. 159, no. 39, pp. 144-163. 

The Orowan method of calculating the distribution of roll pres- 
sure over the are of contact does not make use of avoidable ap- 
proximations, and therefore involves graphical or numerical inte- 
grations. The authors show how, by using a number of approxi- 
mate assumptions which are satisfactorily fulfilled in typical cases 
of cold strip rolling, the Orowan method can be simplified to the 
extent that graphical or numerical integrations are avoided; for 
the ranges of the variables considered, the accuracy of the calcu- 
lations without front and back tension is within about 15 per 
cent. The main basis of the method is the assumption 


s d : d s 
— 1) — (hk) << hk , 
k dod dod k 
where s is the normal! roll pressure, & the vield stress, h the thick- 
ness of the rolled strip, and @ the angular coordinate along the 


are of contact. Ie. Orowan, [england 


Hydraulics; Cavitation; Transport 


1410. W. R. Purcell, “Capillary pressures—their measure- 
ment using mercury and the calculation of permeability there- 
from,” J. petrol. Tech., Feb. 1949, vol. 1, pp. 39-48. 

The paper describes a method and procedure for determining 
capillary pressure as a function of liquid content for porous media. 
The pressure-volume curves resulting from forcing mercury into 
a highly evacuated porous-medium specimen of any shape are 
shown to be similar to capillary-pressure curves obtained by the 
conventional porous-diaphragm technique. The method has the 
advantage that capillary-pressure curves may be obtained in a 
matter of hours as compared to several weeks required with the 
diaphragm method. 

Data for a wide variety of porous media are presented for com- 
parison of the mercury method and the conventional air-water 
displacement technique. The experimental results indicate that 
reasonably close agreement can be achieved. 

The paper also presents a calculation procedure wherein capil- 
lury-pressure curves may be used to determine the homogeneous- 
fluid permeability of porous media. Data are presented for com- 
parison between calculated permeabilities and experimentally 
determined values. The equations provide a fairly reliable 
method of calculating permeability. 

A combination of the method for measuring the capillary-pres- 
sure curve of drill cuttings and the equation relating permeability 
to the capillary-pressure so determined makes possible the esti- 


mation of the permeability of these cuttings. 
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Although the mercury-imbibition technique has been used {,; 
some time for determining pore-size distributions of catalysts, | 
applications discussed in this paper are important to the field 0; 
petroleum technology. The method cannot, in its present stat: 
of development, supplant completely the techniques which em- 
ploy brine, oil and gas because the interactions between thes 
fluids and the clay constituents of the porous media differ from 


those obtained with merucry. John A. Putnam, US\ 


1411. R. A. Collacott, “Discharge coefficients of chamfered 
orifices and nozzles,” Aircr. Engng., Apr. 1948, vol. 20, pp. 112 
i13. 

The paper gives the results of an experimental investigation 0: 
the effect of angle and depth of inlet chamfer on the variation o 
the discharge coefficient Cp of a nozzle of !/2 in. bore and 2!/, in 
length and an orifice of '/s in. bore and !/s in. thick. The head 
applied varied between 4 in. and 20 in. Experiments were made 
with: (2) constant face diameter of chamfer (9/5 in.) and varia- 
tion of angle of chamfer; (b) constant angle of chamfer (90 deg 
and variation of bevel diameter from °/,;5 in. to 3/4 in. 

The results were as follows: (a) Cp for the nozzle increased 
with increasing bevel angle to a maximum value of 0.95 at an 
angle of 95 deg (20 in. head); the bevel angle for maximum (,, 
increased with decreasing head while the maximum Cp decreased 
For the orifice, a maximum C', of 0.87 for a 20 in. head was 
reached at a bevel angle of 55 deg; decrease in head increased 
the maximum Cp almost linearly to 0.907 at a head of 4 in. and 
an angle of 68 deg. (b) Varying the depth of a 90-deg chamfe: 
had little effect on the discharge coefficient of either nozzle or 
orifice. 

The results are discussed on the basis of the flow conditions 
existing in the orifice and nozzle. Graphs are given for antici- 
pated variations of C, with depth of chamfer, and for angles o 
60, 90, and 120 deg, for both orifice and nozzle. 

Hans F. Winterkorn, USA 


1412. John Allen and Wilfred Eastwood, “Scale-model ex- 
periments to determine the best form of silt-trapping basin at the 
confluence to the Manchester ship canal and the river Mersey,” 
J. Instn. civ. Engrs., Jan. 1949, vol. 31, pp. 241-269. 

In recent years, the Manchester Ship Canal Company has spent 
considerable sums on the dredging of sand and silt carried ove 
the Irlam weir by the River Mersey and deposited in the ship 
canal. Model studies were undertaken to help in the design of a 
settling basin of sufficient capacity. This basin was also to enable 
ships up to 450 feet in length to turn around in the basin. Six 
possible designs were subjected to tests and various modifications 
were tried. 

The model investigation indicated that a very substantial por- 
tion of the silt could be trapped in a basin ef comparative 
moderate dimensions. The beneficial effect of « vertical baffle 
wall just downstream of the weir was demonstrated. The amount 
or rate of feed of granular material (powdered pumice) into the 
model did not have an appreciable bearing on the proportion de- 
posited in the settling basin. 

After completion of the first studies, it became necessars 

th 


explore the possibilities of another site for the stilling basin, 
area previously used being required for a power station. ‘The 
second series of tests indicated a scheme giving the highest de- 
posits in the basin and the lowest deposits in the canal, but later 
modifications in the area available for the basin made it impossi- 


ble to use that scheme and a second-best scheme had to be fina!|) 


chosen. André L. Jorissen, Belgium 
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Incompressible Flow: Laminar; Viscous 
(See also Revs. 1395, 1396, 1411, 1440) 


1413. W. P. Jones, “Note on lifting plane theory with special 
reference to Falkner’s approximate method and a proposed elec- 
trical device for measuring downwash distributions,” Rep. Memo. 

Res. Counc. Lond., no, 2225, May 1946 (issued in 1947), pp. 

} 

\ brief description is given of the theory [same source, no, 2145, 
Mav 1943 
thin Wing of arbitrary plan form and lift distribution in an incom- 
pressible, inviscid fluid as given by a distribution of doublets over 
the wing and its wake. 





concerning the calculation of the downwash on a 


A further brief description is given of the 
method of Falkner [same source, no. 1910, Aug. 1943], in which 
the solution is approximated by a number of chordwise strips, 
each With spanwise constant doublet strength and four chord- 
wise staggered doublet layers of constant strength. 

The two methods are compared on the basis of downwash ¢al- 
culations of three lift distributions on a rectangular wing of aspect 
ratio 6. Reasonable agreement is found at mid-chord up to about 
0.8 span. 

It is suggested that the magnetic analogy might be usetul in 
determination of downwash by measuring the magnetic field 
obtained from a small finite number of horseshoe-shaped current- 


W. G. Cornell, USA 


carrving conductors, 


1414. C. L. Pekeris, ‘Stability of the laminar parabolic flow 
of a viscous fluid between parallel fixed walls,” Phys. Rev., July 
15, 1948, vol. 74, pp. 191-199. 

\ stability analysis is made for the case of two-dimensional 
flow 


iminar between parallel plates affected by small two- 


limensional disturbances. Asymptotic expressions are found, 

the damping factor and the propagation velocity, for small 

a = 27h/X, where J is the disturbance wave length and 2h is 
the plate spacing) and large @R, where F is the Reynolds number 
t the basic laminar flow. The asymptotic expressions for first- 
mode perturbations were checked by exact methods for ak = 
Stability of the first mode 
is found, in disagreement with previous results of Lin [Quart. 
ippl. Mech., 1946, vol. 3, p. 288] and Meksyn [Proc. roy. Soc. 
Lond. Ser. A, 1946, vol. 186, p. 391}. 


Two classes of perturbations are found: the first where propa- 


5430, showing excellent agreement. 


gation velocity approaches zero for a? = 0 and ak — o, the 
second where propagation velocity approaches the maximum veloc- 
All modes of the 

All modes of the 


first class are stable if the first two terms in the asymptotic ex- 


ity (channel center) of the basic laminar flow. 
second class are found to be stable for large aR. 


pression for damping factor give a valid representation. 

In the case of even modes of the first class, negative propagation 
velocity (upstream propagation) is found for a7R > M, where 
\f = 10,700 for the second mode. The effect of this result on 
stability experiments is discussed. © William G. Cornell, USA 


Compressible Flow, Gas Dynamics 
(See also Revs. 1434, 1435, 1436, 1442, 1459) 


1415. P. A. Lagerstrom, J. D. Cole and Leon Trilling, ‘“Prob- 
lems in the theory of viscous compressible fluids,” California 
Institute of Technology, Pasadena, 1949. Paper, 8.2 X 10.8 in., 
200 pp. 

This reports part of a wider program for exploring viscous com- 
pressible flow patterns. 
boundary-layer or shock-wave theory are needed to deal with 


Bold extensions of the usual concept of 


some of these phenomena. This book deals with much simpler 
questions, and does not supply experimentally verifiable predic- 
tions. However, considerable insight is given into the physical 
mechanism of viscosity and its special mathematical properties. 

First, the characteristics of the complete system of equations 
for one-dimensional unsteady flow are determined for the most 
general case, and also for the cases of zero viscosity, zero heat 
conductivity or both zero, Some results are surprising: [Even 
with heat conductivity and friction, one of the family of charac- 
teristics is given by the streamlines. The fact that for zero fric- 
tion certain families of characteristics existing with friction are 
discontinuously replaced by others, leads to the question of what 
significance the characteristics for zero viscosity have in the case 
of small viscosity. In a later section (Singular Perturbation 
Problems) an example is given which shows that for small vis- 
cosity the essential changes of state propagate in the vicinity of a 
characteristic for zero friction. 

Next, the equations of motion are linearized by assuming that 
velocities and other changes of state are small and the heat con- 
ductivity is zero. (The case of small deviations from a parallel 
flow is connected to this by transformation of coordinates). For 
the linearized equation, each solution can be divided uniquely 
into two portions satisfying the equations separately: for the 
first portion (called the longitudinal wave) the velocity field is 
irrotational; for the second portion (transversal wave) the veloc- 
ity field is without divergence. The simplest examples are one- 
dimensional unsteady transversal or longitudinal waves (un- 
steady motion of an infinite plate parallel or normal] to its sur- 
face). 

The results are used to illustrate the previous singular perturba- 
tion problems. Hints for extending these to nonlinear cases are 
given. As the simplest examples for higher dimensional solu- 
tions the flows produced by an expanding sphere or cylinder 
(longitudinal waves) or by a rotating evlinder (transversal waves) 
are considered. From these, other expressions are derived by 
differentiation with respect to a space coordinate, which can be 
superimposed and combined with a Galilean transformation to 
form a steady flow with finite velocity at infinity. One sees that 
the conditions along a flat plate (even if infinitely short) cannot 
be fulfilled by transversal waves alone, the coupling between the 
two types being given by the boundary conditions. In the 


terminology of boundary-laver theory the transversal wave 
roughly corresponds to boundary-layer flow, and the longitudinal 
wave to the flow changes caused by the displacement thickness 
of the boundary. The connection between the boundary-layer 
solutions and transversal waves is discussed. 

The solution for an infinitely short, flat plate with a finite 
tangential force is first approximated by an iteration procedure, 
and the exact expression is then found by using a rather general 
theorem of Plejel. The connection between these approaches is 

Finally, the problem of the flat plate is 
The 


appendixes give the mathematical background for these discus- 


discussed in detail. 
formulated and different ways of solving it are mentioned. 


sions and some interesting extensions to nonlinear cases. 
Gottfried ¢ muderley, USA 


1416. R.E. Meyer, “The method of characteristics for prob- 
lems of compressible flow involving two independent variables 
Part II,” Quart. J. Mech. appl. Math., Dee. 1948, vol. 1, pp. 451 
169. 

In this second of two papers the author applies the theory de- 
veloped in part I [see Rev. 1516, Oct. 1948] to the case of axisym- 
metric flow. First- and second-order differential equations are 
derived for the propagation of discontinuities in the space deriva- 
tives along the Mach lines. 





Specializing in the case of a uniform flow entering a contractor, 
the author uses the above differential equations to find the first 
and second terms of the Taylor expansion for the velocity field 
induced by the initial curvature and form of the contractor. 
This method of approximation is compared with the use of lin- 
earized field equations. Conditions for shock-free flow at the 
entrance of a contractor are also given. Hl. G. Elrod, Jr., USA 


1417. J. Kestin and A. K. Oppenheim, “The calculation of 
compressible fluid flow by the use of a generalized entropy chart,”’ 
Proc. Inst. mech. Engrs., 1948, vol. 159, no. 48, pp. 313-334. 

This paper provides a comprehensive graphical means of solv- 
ing problems involving steady one-dimensional adiabatic flows of 
gases having constant specific heats. The ‘generalized entropy 
chart” is an extension of the classical Mollier diagram to permit 
the reading off of all necessary dynamic flow quantities (such as 
Mach number, mass flux density, momentum per sec, ete.) in 
addition to the usual purely thermodynamic quantities. The 
method is not confined to isentropic flows but may be applied to 
problems involving friction losses and shocks. Because of its 
graphical nature the method is most valuable when qualitative 
or only moderately accurate quantitative results are required. 

R.C. Prim, USA 


1418. A. Robinson, ‘‘On source and vortex distributions in the 
linearized theory of steady supersonic flow,” ('ol/. Aero. Cranfield 
Rep., no. 9, Oct. 1947, 28 pp. 

In this highly mathematical paper the author discusses the 
singularities in the solutions of the linearized supersonic-flow 
equations by the use of Hadamard’s concept of the “finite part of 
an infinite integral.” After a review of this concept, the rules 
for the caleulation of finite parts and the extensions of the theo- 
rems of Gauss, Green and Stokes to finite parts are given. — Line, 
surface and volume distributions of sources and doublets, and 
various line, surface and volume integrals associated with these 
distributions are considered. A discussion of vortex distributions 
concludes the paper. 

The author states that applications of these considerations to 
airfoil theory are to be given in a separate report (see following 


review ). Paul A. Libby, USA 


1419. A. Robinson and J. H. Hunter-Tod, “Bound and trail- 
ing vortices in the linearised theory of supersonic flow, and the 
downwash in the wake of a delta wing,” ('ol/. Aero. Cranfield 
Rep., no. 10, Oct. 1947, 17 pp. 

The present report is a continuation and an application of a 
previous paper by Robinson (see preceding review). These 
papers give a careful formulation of supersonic airfoil theory along 
lines that are intended to preserve, in so far as possible, the older, 
familiar concepts of subsonic, or incompressible, wing theory. 
The mathematical tools required in this formulation of the super- 
senie wing theory are of comparatively recent origin (Hadamard, 
M. Riesz). It seems that in order to retain the familiar con- 
cepts of “source,” “doublet,” and “vortex” in supersonic studicés 
the aerodynamicist must acquaint himself with newer definitions 
in the application of divergent integrals. [For a parallel develop- 
ment of the theory, as well as its application to this particular 
downwash problem, the reader may consult’ papers by Heaslet 


and Lomax, Nat. adv. Comm. Aero. tech. Notes, nos. 1515 and 
1620; see Rev. 500, Mar. 1948]. In addition to the “finite part” 
of a divergent integral as introduced by Hadamard, the present 
authors further propose definitions of “hyperbolic curl” (curlh ®) 
ahd “hyperbolie divergence” (divh ®). 
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In addition to the theoretical treatment, the paper presents 
graphs of the downwash along the center line of the wake for 4 
variety of triangular wings at supersonic speeds. 

Robert T. Jones, USA 


1420. Max A. Heaslet, Harvard Lomax, and John R. Spreiter, 
‘Linearized compressible-flow theory for sonic flight speeds,” 
Nat. adv. Comm. Aero. tech. Note, no, 1824, Mar. 1949, pp 
1-45. 

It had previously been noted (for example, in the theory of the 
litt of a delta wing, the drag of delta wings with swept trailing 
edges and the lift due to a sudden change in angle of attack of » 
two-dimensional wing) that the solutions of many supersonic wing 
problems by linearized methods show finite (small) disturbances 
even in the limit J/ = 1, where .V/ is the free-stream Mach num)oer. 
The authors of this paper suggest that, since these limits show 
small disturbances, the linear theory is still valid for this type of 
problem at and near JJ = 1. The authors then discuss in detail 
several problems of this type. 

Special problems that are discussed are the response of a two- 
dimensional wing to a sudden change in angle of attack (produced 
without rotation of the wing). By means of the analogy with « 
supersonic three-dimensional steady flow, the results for slight], 
subsonic, sonic and supersonic motion are treated. The soni 
flow solution is generalized by superposition methods to discuss 
the lift for a “square-wave” angle of attack variation with tim: 
and the lift for a sinusoidal oscillation starting suddenly at a) 
initial instant. 

A generalized treatment is given of some three-dimension:! 
steady-state wing problems by consideration of the behavior in 
the region at infinity of the corresponding source and doublet 
fields. The drag of an infinite swept wing with a double-wedy: 
profile at Wo= Lis discussed. The lift of a delta wing and ot 
swept wing with straight leading edges at JJ = 1 is also deter- 
mined. H. J. Stewart, USA 


1421. Stefan Bergman and Bernard Epstein, ‘‘Determination of 
a compressible fluid flow past an oval-shaped obstacle,” ./. \/«// 
Phys., Jan 1948, vol. 26, pp. 195-222. 

The problem of finding the flow past a given body is first dis- 
cussed in general terms. In particular, it is pointed out that such 
a problem is very difficult even in the incompressible case. The 
authors then turn to the hodograph method, in the manner de- 
veloped by Bergman. 

Certain tables which are essential in that method are prepared. 
With the help of these tables, it is shown how the flow past an 
oval shaped obstacle can be determined. One example is worked 
out to the extent of determining approximately the form of th: 
C. C. Lin, USA 


obstacle and one of the stream lines. 


1422. A. D. Young, “Note on the velocity and temperature 
distributions attained with suction on a flat plate of infinite extent 
in compressible flow,” (oll. Aero. Cranfield Rep., no. 8, 14°, 
pp. 

Formulas are derived by means of which the velocity and tem- 
perature distributions for compressible flow for the title case ma) 
be calculated for any given Mach number, it being assumed tha! 
there is no heat transfer by conduction at the plate. T! 
method consists of establishing a correspondence between tl 
velocity and temperature profiles for incompressible flow «n 
those for compressible flow, the lateral ordinates being sealed |) 
factors which are functions of the ordinates and of the Mach 
number. 
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Curves of the velocity and temperature distributions covering a 
range Of Mach numbers up to 5.0 are included, for both a linear 
and a 0.76 power variation of viscosity with absolute temperature. 

Nicholas Di Pinto, USA 


1423. J. Fabri, “On an approximate method of calculating the 
load distribution on airfoils with supersonic leading edges” (in 
French), (. R. Acad. Set. Paris, Apr. 12, 1948, vol. 226, pp. 
1172-1174. 

\ method is presented for the calculation of the pressure dis- 
tribution on a wing in supersonic flow. It yields an approxima- 
‘ion to the result obtained by linearized theory, and is based on 
the assumption that the variation of the local incidence at any 
given point of the airfoil induces inside its Mach cone the same 
pressures as under two-dimensional conditions, i.e., as by Ack- 
eret’s theory. Examples are given which show that good agree- 
ment with exact linearized theory is obtained for steady flow 
around wings with supersonic leading edges. 

A. Robinson, England 


1424. Frank S. Malvestuto, Jr., Kenneth Margolis, and Her- 
bert S. Ribner, ‘Theoretical lift and damping in roll of thin 
sweptback wings of arbitrary taper and sweep at supersonic 
speeds—subsonic leading edges and supersonic trailing edges,’’ 
Vat. adv. Comm. Aero. tech. Note, no. 1860, Apr. 1949, 40 pp. 
Using linearized theory, the lift-curve slope and roll-damping 
derivatives for tapered, swept wings having subsonic leading edges 
and supersonic trailing edges are calculated. Results are pre- 
sented in the form of design charts with aspect ratio, taper ratio, 
cading-edge sweep, and Mach number as parameters. The pres- 
sure distribution within the wing-tip Mach cones is caleulated 
pproximately by Evaard’s method, while the pressure distribu- 
tion elsewhere on the wing follows from the previously known re- 
sults for a triangular wing. 
Despite the authors’ statement to the contrary, the results for 
the roll-damping derivative are valid for a wing with arbitrary 
twist and camber, in so far as the linearized theory is valid. 


John W. Miles, USA 


1425. A. Robinson, “On some problems of unsteady super- 
sonic aerofoil theory,” Coll. Aero. Cranfield Rep., no. 16, May 
1948, 22 pp. 

Unsteady supersonic flow round an airfoil of infinite span is 
considered in the first part of the paper. Linearized theory is 
used throughout. It is shown that the pressure at any point of 
the surface under forward acceleration can be analyzed into three 
components, one of which is the steady (Ackeret) pressure due to 
the instantaneous velocity, while of the other two, one depends 
directly on the acceleration, and one on the square of the velocity 
during a limited time interval preceding the instant under con- 
sideration. However, the difference between the total pressure 
and the “steady-pressure component” is such that it can be neg- 
lected in all the definitely supersonic conditions (MJ >1.15, say) 
that are likely to occur in practice. The form in which the result 
is presented differs from that in a recent paper by Gardner and 
Ludloff (presented at the annual meeting, Institute of the Aero- 
tiuutical Sciences, January 1949, available as preprint no. 186), 

it the magnitude appears consistent. 

The oscillatory supersonic flow round a delta wing inside the 
Mach cone emanating from its apex is considered in the second 
part of the paper. Particular “normal” solutions are obtained 
by means of a special system of pseudo-orthogonal coordinates. 
iach such solution is of the form of a product of a Bessel func- 



















































tion, a Lamé function of the first kind, a Lamé function of the 
second kind, and an oscillatory factor. It is shown that the 
velocity potentials corresponding to vertical and pitching oscilla- 
tions of the wing can be represented by an infinite series of sueh 
normal solutions. The results are apparently not limited to small 
oscillation frequencies, but their practical use will entail consider- 
H.S. Ribner, USA 


able labor. 


1426. G.Guderley, “On the transition from a transonic poten- 
tial flow toa flow with shocks,”? Hdytrs. Air Mat. Comm. Dayton 
Tech. Rep., no. F-TR-2160-ND, Aug. 1947, 46 pp. 

The author deals with the problem of the disturbances that 
arise if the boundary of a known transonic flow pattern, i.e. 
mixed subsonic and supersonic flow, is slightly deformed. Two 
types of disturbances can occur. The first has essentially the 
behavior of disturbances in subsonic flow; it vanishes at a dis- 
tance from the surface. The second, having the behavior of a 
supersonic disturbance, is propagated downstream and may tend 
to infinity toward the end of the supersonic region. This second 
type produces shock as the originally smooth flow tends to be- 
come extremely wavy as the end of the supersonic region is 
approached. 

This general picture of mixed flow is obtained from a rigorous 
mathematical treatment of the basic flow equations, using the 
hodograph equations. After setting up the equations and dis- 
cussing the transonic law of similarity, the boundary conditions 
are examined. The problem is restricted to the flow in the neigh- 
borhood of a known field of flow to avoid the difficulty of the 
boundaries in the hodograph plane. As an example, the flow 
near a potential vortex is chosen with two coaxial circles as flow 
boundaries, the inner one being deformed and the outer one 
allowed to tend to infinity. This example is generalized and the 
problem of disturbances in a general mixed flow examined, A 
section dealing with the effect of a subsonic boundary laver leads 
to the conclusion that it has no influence on the magnitude of the 
disturbances. 

The paper admittedly deals only with the first occurrence of 
shock, but this is shown to be inevitable, x conclusion of some 


importance. R. C. Knight, England 


1427. G. Guderley, “Nonstationary gas flow in thin pipes of 
variable cross section,’”? Vat. adv. Comm. Aero. tech. Memo., no. 
1196, Dee. 1948, 81 pp. 

This translation of a German 1942 ZWB report (FB 1744) deals 
with stepwise computation of the one-dimensional case of the 
title flow, the velocity v being assumed constant over any cross 
section of the pipe. Details are worked out for perfect gases 
only. The characteristic equations (called here “compatibility 
conditions”) are shown to be 


dy = (v = ajdt, dp + apdv = — a’po(F,v + F,)dt/F (*) 


where y is the particle abscissa, a the speed of sound, and F the 
cross-sectional area. 

The general case is prepared by a discussion of isentropic flow 
in ducts with constant, then with variable cross section. In the 
former case the (now familiar) quantities 


X, M=0 2 Sai a 


(7 is the enthalpy) are introduced and shown to be the charac- 
teristic parameters. They are kept as the dependent variables 
(but no longer as characteristic parameters) for the general case 
of nonisentropic flow of an ideal gas and a duct of variable cross 
section (in this case ¢ and a are still functions of the temperature 
alone). The third equation expresses constant entropy of a 





256 


particle. The now familiar triangulation is then explained. 

This reviewer does not understand the devotion to A and yw in 
the general case: (1) they are not necessary for the triangulation 
procedure; (2) they lead to characteristic equations more in- 
volved than (*); and (3) they add to the number of quantities 
that must be computed. 

More than one half of the detailed discussion is devoted to 
shock computation (in the well-known terms introduced by the 
author: mw = exp(so/R — s/R) and y, the mass abscissa of the 
particle). Shock conditions are rewritten in terms of A, w, 7 and 
Y. Only “attached” shocks (e.g., velocity jump of a piston) are 
discussed. A stepwise procedure is described, then a certain 
iteration procedure. 

The reviewer's reasonable effort to understand this part of the 
translation was unsuccessful, in spite of the practice offered by 
the preceding pages. The translation is quite representative of the 
average present-day product, and its quality is a corollary of 
the regrettable fact that it is evidently impossible to coax a com- 
petent person even into editing a translation. 


A. W. Wundheiler, USA 


1428. M. Schaefer, ‘‘Outflow of a jet of compressed air into 
moving air,” Hdgtrs. Air Mat. Comm. Dayton Transl., no. A9-T- 
15, Jan. 1949, 14 pp. 

The paper indicates a procedure for calculating the jet of com- 
pressed air issuing forth from a nozzle of prescribed dimensions 
at the stern of the German A-4 body under the influence of the 
external flow. To simplify the calculations it is assumed (1) that 
an exact conical field of flow exists within the nozzle, (2) that the 
exit cross section of the nozzle coincides with the end cross section 
of the stern thus avoiding « dead-water region, (3) that the stern 
of the body can be replaced by a truncated cone about which a 
parallel flow takes place at constant Mach number Wo = 3.24, 
and (4) that the flow after the compression shock is an adiabatic 
potential flow. 

None of the equations used for the calculation is presented in 
the report. Basically it is indicated that the solution of the flow 
field is calculated by the lattice-point method of characteristics 
and compression-shock theory. Since the diagram of the flow 
construction and the table of calculations are missing from the 
report, its value is lessened considerably. 

Lester L. Cronvich, USA 


1429. Numa Manson, “On the theory of the propagation of 
deflagrations” (in French), (. R. Acad. Set. Paris, Oct. 11, 1948, 
vol. 227, pp. 720-722. 

earlier contributions [same source, 1948, vol. 226, no. 69, p. 
163] have discussed the effect of flow perturbations accompanying 
ignition on the propagation of deflagrations in gas mixtures con- 
tained in circular tubes. In the present note, these results are 
extended. It is shown that the perturbation accompanying 
ignition is propagated as a pressure pulse with overpressure of the 
same order of magnitude as the pressure drop across the deflagra- 
tion wave, and a velocity greater than the deflagration velocity. 
Owing to reflection on the deflagration front, there results a pair 
of such pulses in advance of the deflagration wave. The second 
pulse can overtake and reinforce the first, giving rise to a single 
steep-fronted pressure pulse. The details of the phenomenon 
depend upon the nature of the gas and differ depending on 
whether the evlindrical container is open or closed. These results 
are in accord with the hypothesis that the transition from defla- 
gration to detonation is effected by the formation of a shock wave 


in advance of the deflagration wave. 
Stuart R. Brinkley, Jr., USA 
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1430. A. M. Fainzilber, ‘Questions of thermal modelling” 
(in Russian), Notes Acad. Sct. USSR (Doklady Akad. Nay! 
SSS?), Feb. 1, 1948, vol. 59, pp. 697-700. 

The present paper deals with the problem of the thermal plio- 
nomena occurring In an aggregate of viscous fluids in motior 
Starting with the equation of the conservation of energy and ¢| 
hydrodynamic equation, there results the differential equation 

TT yu + (1 — P,)t,T, + (vu — 1)P,B?r = 0 


uu 


in Which u, 7’ are the ratios of velocity and temperature to thei: 

° ° e . ts. 6 . . 
values in adiabatic flow, respectively; tu /* is the intensity ot 
viscous shear; @ is the kinematic viscosity; p is the density; P. 
is Prandtl’s number; and B the Mach (Barstow) number. Put- 
ting T = Ao(l — wu) so as to satisfy the boundary conditions, 
Equation (*) reduces to: 


To. — 3b°T,/(1 — u?) = 0 


[lb = 1 — P,; a = (uw — 1)P,B?), a solution of which is given in 
the form of a series for 7' in powers of u. Tables of 7 are set up 
for water vapor and air and conclusions drawn concerning the 
temperature distribution obtaining in « mixture of air and water 
vapor In motion. 

In the case B < ,, the motion of the fluids can be taken as 
being isothermal. Introducing the total energy as the dependent 
variable Q = 3u2 + S’p-'dp, and X = pf pdr, Y = Wx, y) as 
the independent variables [Y(2, 7) being the stream function o! 
Stokes] the general equation becomes 


0Q/ONX = {2(Q as (Qo) | '/202Q Oy?. (4 


The energy Q is measured from its value corresponding to an 
adiabatic flow taken as zero, The boundary conditions applica- 
ble to (**) areQ = Qoat Y = OandQ = Oat Y = o. Equatior 
(**) is general in the sense that it holds for any fluid, the various 
viscous continuums differing only in the form of the function \ 


Michael Daniloff, USA 


1431. Robert T. Jones, “Wing plan forms for high-speed 
flight,”” Nat. adv. Comm. Aero. Rep., no. 863, 1947 (issued in 
1949), 5 pp. 

This report shows that for airfoils of infinite aspect ratio moving 
at an angle of sideslip, the pressure distribution is determined 
only by the component of motion normal to the leading edge. 
The attachment of plane sound waves may be eliminated and the 
resulting pressure drag may be reduced at near-sonic and super- 
sonic speeds by plan forms with sweep angles greater than tli 
Mach angle. For aerodynamic efficiency at supersonic speeds 
the sweepback should be greater than the Mach angle and should 
be such that the component of velocity normal to the leading 
edge is less than the critical speed of the airfoil sections. This 
principle should also include considerations of the induced veloci- 
ties resulting from the thickness of the airfoil, particularly «a! 


high subsonic speeds. Hf. P. Ligpman, USA 


Turbulence, Boundary Layer, etc. 
(See also Revs. 1414, 1415, 1422, 1426, 1438) 


1432. R. C. L. Bosworth, “Distribution of reaction times for 
turbulent flow in cylindrical reactors,”’ Phil. Mag., Mar. 1949, vo. 
40, pp. 314-324. 

The time which a molecule spends in a cylinder through whi 
there is turbulent flow is given by a frequency curve which has 
sharp peak at a value slightly greater than that for the cent! 
core. This curve has been here calculated on the assumptio!! 
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that eddy diffusion may be taken by Reynolds’ analogy as deter- 
ined by the velocity gradient, using the Prandtl-von Karman 
‘orm for this function, and a power-law velocity distribution with 
exponent varying with the Reynolds number. The ratio of 

e length of the cylinder to its diameter is the principal variable. 
The reviewer questions the identification of the time which a 
molecule spends in a reactor with the time available for the reac- 


m, except in unimolecular reactions. Benjamin Miller, USA 


1433. G. K. Batchelor, “Energy decay and self-preserving 
correlation functions in isotropic turbulence,” (wart. 
Vath., July 1948, vol. 6, pp. 97-116. 

This paper contains a critical review and some extensions of 


appl. 


~-veral existing assumptions of self-preservation of the correlation 
inctions in isotropie turbulence and the law of deeay thus ob- 
tained.  Imphasis is placed on the fact that a complete similarity 
the correlation function can only exist and will exist at low 
Revnolds numbers. It is pointed out that the longitudinal cor- 
relation function f(r, ¢) must then be of the form exp(— r?/8vt), 
where v is the kinematic viscosity coefficient. This is shown to 
be the only solution of the von Kaérmén-Howarth family with a 
Loitziansky invariant neither zero nor infinity. 


C. C. Lin, USA 


1434. M. W. Rubesin and H. A. Johnson, “‘A critical review of 
skin-friction and heat-transfer solutions of the laminar boundary 
layer of a flat plate,’? 7rans. Amer. Soc. mech. Engrs., May 1949, 
vol. 71, pp. 383-388. 

The available literature on the drag and heat-transfer coe fhi- 
cients of a flat plate having a uniform surface temperature and 
mmersed in a uniform gas stream at zero angle of attack is briefly 

viewed. It is stated that the effects of plate temperature and 
\Iach number on the heat transfer and drag coefficients for plates 

1 air are not given correctly when the viscosity law w/e. = 
Ts, where wis the viscosity and 7’ is the absolute temperature, 
is used. 

Curves of C)R? against Mach number, where Cp is the drag 
coefficient and R is the Reynolds number, calculated by various 
investigators for different values of the Prandtl number and for 
different values of the exponent mn in the relation py)/peo = 

/’\/T,)", are presented both for the insulated plate and for the 
plate with heat transfer. The results are briefly discussed. A 
relation between the heat-transfer coefficient and the drag coeffi- 
cient for the plate with heat transfer is derived. The reviewer 
notes that it is believed that the given relation between the heat- 
transfer and drag coefficients implies a constant density and vis- 
cosity, an assumption inconsistent with the use of a variable den- 
sity and viscosity in the calculation of drag coefficients. 

Finally, relations are presented for the calculation of a reference 
emperature 7, having the property that Cp,R,/? becomes 
ipproximately independent of the Mach number and the ratio of 
plate to stream temperature when the density and viscosity used 
Neal Tetervin, USA 


in Cp, and R, are based on 7. 


Aerodynamics of Flight; Wind Forces 
(See also Revs. 1374, 1413, 1419, 1420, 1424, 1431, 1443) 


1435. A. Robinson and J. H. Hunter-Tod, “The aerodynamic 
derivatives with respect to sideslip for a delta wing with small 
dihedral at supersonic speeds,” (oll. Acro. Cranfield Rep., no. 12, 
Dec, 1947, 24 pp. 

expressions are derived for the sideslip derivatives on the as- 
sumptions of the linearized theory of flow for the title case. The 


sideslip is sufficiently small that if the wing is initially wholly 
within the Mach cone emanating from its apex, it will remain so 
in the disturbed condition and vice versa. 

When the leading edges are within the Mach cone from the 
apex, the pressure distribution and the rolling moment are inde- 
There 


is a leading-edge suction, which is a function of the incidence, 


pendent of Mach number but dependent on aspect ratio. 


aspect ratio and Mach number, which contributes as well as the 
surface pressure distribution to the side-forece and yawing mo- 
ment. 

When the leading edges are outside the apex Mach cone, the 
nondimensional rolling derivative, is, in contrast to the other case, 
dependent on Mach number and independent of aspect ratio; the 
other derivatives and the pressure, however, depend on both vari- 
ables. There is no leading-edge suction force in this case. 

A transformation is derived that links the methods of H. J. 
Stewart and A. Robinson under conditions of conical flow. Stew- 
art’s method is shown to be suitable for calculating the aero- 
dynamic derivatives with respect to sideslip, and Robinson’s 
method for calculating the pitching moment due to pitching and 


the rolling moment due to rolling. H. Reese Ivey, USA 


1436. Donald J. Graham, “The development of cambered 
airfoil sections having favorable lift characteristics at supercritical 
Mach numbers,” Nat. adv. Comm. Aero. tech. Note, no. 1771, 
Dec. 1948, 82 pp. 

The development of a new 8 series of NACA airfoil sections with 
improved lift characteristics near the design lift coefficient at 
supercritical values of Mach number is described. These air- 
foils, designated as the NACA 8 series, have approximately equal 
values of critical Mach number on their upper and lower surfaces 
Wind-tunnel tests show that the 
angle of attack required to maintain the design lift coefficient 
decreases up to a Mach number of 0.90 (the limit of the tests) 


at the design lift coefficient. 


However, the variation of slope of the lift curve with Mach num- 
ber is not improved over that of the standard NACA 6 series of 
airfoils, and the drag characteristics of the new airfoils are less 
It is shown that the 
favorable supercritical lift characteristics of the proposed airfoils 


favorable than those of the 6 series airfoils. 


ean be approximated by deflecting a trailing-edge flap upward by 
6 deg on a standard 6 series airfoil. 

Tables of ordinates and theoretical velocity distributions for 8 
series airfoils having thickness ratios of 10 and 16 per cent are 
included. W. O. Breuhaus, USA 


1437. A. Robinson and F. T. Davies, ‘‘The effect of the sweep- 
back of delta wings on the performance of an aircraft at super- 
sonic speeds,” (oll. Aero. Cranfield Rep., no. 6, Mar. 1947, 17 pp. 

The total drag of a hypothetical supersonic airplane is ecaleu- 
lated with the angle of wing sweepback as a parameter, for Mo = 
1.2 and 2 and at altitudes from 10,000 to 80,000 ft. The exist- 
ence of an optimum sweepback angle depending upon speed and 
altitude is illustrated. J. M. Wild, USA 


1438. H. Guillemet and P. Guienne, “‘Method of calculating 
the minimum drag of airplanes” (in French), Off. nat. Etud. 
Rech. aéro. tech. Note, no. 43, 1948, 40 pp. 

Two semiempirical formulas due to Weinig for computing the 
drags of struts and bodies of revolution, in which both the shape 
parameters of the body and the Reynolds number are taken into 
account, are discussed. The formulas, and modifications of them 
by others, are criticized by the authors for failure to consider 
possible variations in the transition point in the boundary layer. 
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They propose to retain Weinig’s formulas but with the restriction 
that one of the factors in the formulas, the friction drag of an 
equivalent flat plate, be that for a flat plate having the same rela- 
tive point of transition as the profile being considered. 

L.. Landweber, US.\ 


1439. Walter J. Klinar and Thomas L. Snyder, “Influence of 
tail length upon the spin-recovery characteristics of a trainer- 
type-airplane model,” Vat. ado. Note, no. 
1764, Dec. 1948, 17 pp. 

Tests conducted in the NACA 20-ft free-spinning tunnel on a 


Comm. Aero. tech. 


model having two different tail lengths indicated that spin re- 
covery characteristics were improved by the longer tail length, 
even though the tail area was so modified that the tail-damping- 
Mass and 


moment of inertia characteristics were maintained the same with 


power factor Was greater with the shorter tail length, 
both tail length configurations. It was concluded that spin re- 
covery characteristics may be influenced by tail length to a greater 
extent than is indicated by the value of the tail-damping- 
power factor, and that increasing tail length is a more effective 
means of improving spin recovery than is the addition of ventral- 
W. ©. Breuhaus, USA 


fin area. 


1440. S. U. Benscoter, “Impact theory for seaplane landings,” 
Nat. adv. Comm. Aero. tech. Note, no. 1437, Oct. 1947, 52 pp. 

The forces on a seaplane hull during its initial landing impact 
are determined on the basis of the usual von KarmAn strip theory 
of the hydrodynamic (apparent mass) forces on the hull, includ- 
ing certain modifications, due to W., L. Mayo (same source, no. 
1008), to account for the momentum imparted to the fluid in the 
wake when there is motion parallel to the keel. The strip appar- 
ent mass is calculated as that of a flat plate of width equal to the 
instantaneous width of the hull at the water line. Any forces due 
to buoyancy, viscosity, and surface waves are neglected. The 
modifications of the apparent mass obtained from strip theory, 
caused by effects of piled-up water, hull aspect ratio, and devia- 
tion of the strip apparent mass from that of a flat plate, are ac- 
counted for by a semiempirical formula given by Mayo. 

The author succeeds in obtaining approximate solutions of the 
differential equations of motion for a wedge-shaped hull, making 
the additional assumptions that the hull is rigid, the water surface 
is smooth, the trim angle is contant during impact, and the wing 
lift equals the weight. Formulas are presented for maximum 
accelerations, Maximum draft, and the draft at the instant of 
maximum acceleration. The theoretical results are then com- 
pared with experimental data from impact basin tests. The 
measured accelerations agree quite well with the theory; the 
measured drafts are consistently lower than the theoretical pre- 


A. H. Flax, USA 


dictions. 


1441. R.H. Miller, “Helicopter control and stability in hover- 
ing flight,” J. aero. Ser., Aug. 1948, vol. 15, pp. 453-472. 

In the first part calculated stability and control response char- 
acteristics of several types of helicopters are compared with those 
of conventional aircraft. The generally poor dynamic stability 
characteristics of conventional unstabilized helicopters are shown 
to be due to lack of static stability and very low damping in pitch 
or roll. 

Several means of improving the stability are considered: (a) 
Use of a servo actuated by a displacement gvro proportional to 
the angle of pitch or roll, providing static stabilitv; (b) addition 
of a rate gvro in system (a) to provide damping; (c) elimination 


of blade flapping through use of a rigid rotor; (d) use of large 


APPLIED MECHANICS REVIEWS 


blade-flapping-hinge offsets to obtain a compromise between the 
advantages and disadvantages of flapping- and rigid-blade helj- 
copters; (e) adjustment of blade center of gravity and aerod 
namic center relative to the blade-feathering axis. 

System (a) is shown to give poor initial control response and to 
be subject to instability again if servo time lags are not smal! 
enough; (b) seems promising, but also decreases controllability: 
(c) decreases the instability, but does not provide complete sta- 
bility and is probably not attainable for large rotors, due to blade 
flexibility; (d) does not provide complete stability, but improves 
both stabilitv and controllability; it may involve serious vibra- 
tion difficulties; (e) offers a wide range of compromises between 
stability and controllability, but with numerous complications in 
the practical case, due to blade torsional flexibility and _ stick 
forces and vibrations which must be balanced between blades. 

The second part deals with the derivation and methods of solu- 
tion of the equations of motion, including four degrees of body 
freedom and two degrees of blade freedom in flapping (longitu- 
dinal and lateral flapping constants). Certain errors and omis- 
sions in earlier literature on the subject are corrected. In the 
third part the equations of motion are solved for the various cases 
mentioned. It is shown that in many cases a single plane analy- 
sis, involving only three degrees of freedom, with the rotor motion 
treated as quasi-static [Hohenemser, Nat. adv. Comm. Aero. 
tech. Memo., no. 907] is a sufficiently good approximation. 
controls, including the effects of a simple time constant, ar 


Servo 


analyzed by means of the frequency response method. 


A. H. Flax, USA 


Aeroelasticity (Flutter, Divergence, etc.) 


(See Rev. 1374) 


Propellers, Fans, Turbines, Pumps, ete. 
(See also Revs. 1375, 1411, 1441, 1450) 


©1442. H. Tahsin Oenalp, “‘The elliptic law in the calculation 
of steam and gas turbines” (in German), thesis, Kidgendéssische 
Technische Hochschule, Zurich, 1948, 94 pp. 

Stodola found experimentally that the curve representing tl. 
steam flow through a steam turbine at constant initial pressur 
and constant rpm but variable back pressure is an ellipse. G. 
Fliigel showed that with simplifying assumptions this law could 
be established theoretically. Since then this law has been used 
for many important calculations in the design of steam and gas 
turbines, often with far-fetched assumptions. 

The author discusses at great length the applicability of this 
law in the design of turbines. In the first chapter he makes exact 
calculations for the flow of ideal and real gases and vapors throug): 
a single orifice and compares the results with the assumed ellipse 
law. Finding good agreement, he investigates the applicabilit) 
of the results obtained to successive stages of a turbine, taking 
into account the transfer of kinetic energy from one stage to the 
Finally, he discusses the difficult problem of flow throug! 
radially long turbine blades to test the applicability of the law 1 
Several practical problems are worked through in 

Karl E. Schoenherr, USA 


next. 


this case. 
detail. 


1443. F. B. Gustafson and G. C. Myers, Jr., “Stalling of heli- 
copter blades,” Vat. adv. Comm. Aero. Rep., no. 840, 1946 (publ. 
in 1947), 6 pp. 

An experimental flight investigation of helicopter-tip stall as 


carried out. To indicate stalling, one rotor blade was fitted wit! 





NOVE 


ufts 
o pho 
spread 
manne 
the he 
angle ¢ 


effects 


helicoy 


1444 
high s| 
1048, § 

This 
yariou 
suitab! 
figures 
Mach 
lor pr 


1445 
tests,’ 

This 
call ef 
horces 
ia re 
setting 
sidewa 
The sh 
tion fe 


eight: 


144¢ 
electri 
1U48, ¢ 

Whe 
pressil 
ire rec 
lop an 
culatio 
and pr 
metho 
dISCUSS 


experi 


1447 
ductio1 


The 
lers be 
second 
itv wh 
The au 
ind sh 
better 
the pay 
dynam 








\OVEMBER 1949 


ruits, and a motion-picture camera was placed on the rotor hub 
photograph these tufts. 
spread over the rotor blade with increasing speed, roughly in the 


It was found that stall occurred and 


manner predicted by the usual theory for flapping rotors. For 
the helicopter used in the tests, it was observed that when the tip 
ingle of attack was increased 4 deg above its initial stall angle, the 
effects of the stall were severe enough so that the pilot deemed the 


helicopter uncontrollable. A. H. Flax, USA 


Flow and Flight Test Techniques 


1444. G. M. Lilley, “Some notes on the performance of small 
high speed wind tunnels,” (‘oll. Acro. Cranfield Rep., no. 23, Dec. 
[W48, 25 pp. 

This paper discusses briefly the layouts and performances ot 
various types of tunnels using less than 100 hp which might be 
suitable for research and demonstration at colleges. Performance 
figures are based on a 2-in-square test section and a range of 
\ach number from 0.5 to 4. Some simple calculations required 


or preliminary design are discussed. J. S. Isenberg, USA 


1445. J. Sanders, ‘Wind tunnel corrections in ground-effect 
tests,” Vat. Res. Counc. Can. Aero. Rep. no. AR-5, 1948, 26 pp. 
This paper considers the incompressible flow corrections for 
vall effeets which should be applied to the measured aerodynamic 
wees in the case where the model is mounted close to the floor 
a rectangular tunnel. Previous results for upwash and tail- 
selling corrections are reviewed. Axial-velocity corrections and 
sidewash corrections are deduced, using the method of images. 
The slow convergence of the infinite series involved in these correc- 
tion formulas is improved. Numerical results for a tunnel of 


eight-breadth ratio of 0.35 are given, JS. Isenberg, USA 


1446. J. Sanders, “Wall corrections for a two-dimensional 
electrical tank,” Vat. Res. Counc. Canada Engng. Rep., MA-213, 
1948, 40 pp. 

When the electromagnetic analogy is used to represent incom- 
pressible potential flow about a evlinder in free air, corrections 
ire required for the presence of the front and rear as well as the 
top and bottom walls of the tank. Assuming an airfoil with cir- 
culation, the author calculates the corrections to lift, moment, 
ind pressure coefficient on a flat plate, by the usual approximate 
methods used for wind-tunnel wall interference. He does not 
discuss the technique of establishing the cireulation in’ actual 


experiments. W. R. Sears, USA 


Thermodynamics 
(See also Revs. 1417, 1429, 1442, 1454, 1456, 1459) 


1447. R.C. Tolman and P. C. Fine, “On the irreversible pro- 
duction of entropy,” Rev. mod. Phys., Jan. 1948, vol. 20, pp. 51 


The study of many irreversible processes involving heat trans- 
ers becomes possible when the entropy change according to the 
second law of thermodynamics is written in the form of an equal- 
i'y which includes the entropy increase due to irreversibilities. 
The authors review the applications which this method has found, 
ind show that it has the additional advantage of leading to a 
better understanding of all irreversible changes of state. Thus, 
‘he paper is a brief but comprehensive introduction to the thermo- 
dynamic analysis of irreversible processes. 
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Among the applications selected, some of which are the authors’ 
original contributions, are: an equation for the efficiency of 
irreversible production of work, which serves to examine power 
eveles as well as stendy-state flow and chemical processes; an 
analysis of transition through a shock wave; nonisothermal flow 
of a compressible, viscous fluid; and thermoelectricity, In a 
discussion of the validity of the temperature concept under non- 
uniform temperature conditions, the authors arrive at the coneclu- 
sion that, because the empirical temperature concept becomes 
ambiguous, a specific definition of temperature adapted to the 
prevailing nonequilibrium conditions is necessary in order to 
justify the use of thermodynamic theories in such cases. 


IE. F. Lype, USA 


1448. J. M. Gilchrist, ““Chart for the investigation of thermo- 
dynamic cycles in internal combustion engines and turbines,” 
Proc. Instn. mech. Engrs., 1948, vol. 159, no. 48, pp. 335-349. 

The author presents a graphical method of analysis of the 
thermodynamic processes associated with internal-combustion 
engines. A chart with a linear scale of temperature as the ordi- 
nate and a linear seale of internal energy as the abscissa, is used 
together with a horizontal logarithmic scale for volume ratios and 
a vertical logarithmic scale for pressure ratios. The chart con- 
struction allows for variable specific heats, for dissociation, and 
for variable compositions. 

The graphical method of analysis was applied to a general case 
which embraces the Otto, Diesel, 
By means of this graphical analysis one can deter- 


Atkinson, and Humphrey 
processes. 
mine the work and efficiency of the device. This method is 
applied also to gas-turbine processes, 

The author claims that this graphical method is very useful for 
instructional purposes; but there are many teachers who would 
take issue with him on this point after close inspection of his 


complicated diagrams. Joseph Kaye, USA 


1449. V.N. Huff and C. S. Calvert, “Charts for the- computa- 
tion of equilibrium composition of chemical reactions in the 
carbon-hydrogen-oxygen-nitrogen system at temperatures from 
2000° to 5000° K,”? Nat. adv. Comm. Aero. tech. Note, no. 1658, 
July 1948, 43 pp. 

These charts are designed to facilitate the solution of the svs- 
tem of higher-order algebraic equations encountered in the analy- 
sis of the equilibrium composition of the products of simultaneous 
chemical reactions. The charts apply to reactions occurring in 
the combustion of liquid and solid rocket propellants with pure 
oxygen, and in the explosion of gun powders where temperatures 
are high enough to promote dissociation of H.O, Hs, and Nz, and 
formation of NO, 
approximations, in which the svstem of simultaneous equations is 


The authors develop a method of successive 


written in such a manner that it becomes solvable when two of the 
unknown quantities are estimated, the correct solution being ob- 
tained after a few steps. The initial estimate and calculation of 
the remaining unknowns are done with the aid of the charts. 


Erie F. Lype, USA 


1450. Peter Lloyd, ‘The fuel problem in gas turbines,” Prov. 
Instn. mech. Engrs., 1948, vol. 159, pp. 220-229. 

This is a survey of the properties of hydrocarbon fuels with re- 
The author 
shows that a number of fuel properties including carbon-hydrogen 


gard to the combustion process in gas turbines. 


ratio, density, vapor pressure and inflammability limits can be 
correlated with the combustion behavior of the fuel. A detailed 
discussion of these properties is presented, indicating that vis- 
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cosity, volatilitv, analvsis of the organic constituents and the 
characteristics of the ash are the most significant ones from the 
point of view of gas-turbine operation. With the aid of these 
characteristics as determined by laboratory tests it should be 
possible to predict the performance of new fuels. 


Andrew A. Fejer, USA 


1451. Scott E. Wood, ‘‘The entropy of mixing of binary liquid 
mixtures,” J. chem. Phys., June 1947, vol. 15, pp. 358-363. 

An analysis is made of three factors which may contribute to 
the entropy of mixing of binary solutions in excess of that for 
ideal solutions. These factors are: the spatial distribution of the 
molecules about a given reference molecule, the relative volumes 
of the molecules, and the lack of randomness of the orientational 
distribution of the molecules about a reference molecule. The 
spatial distribution has the least effect; it vields a negative value 
for the excess entropy and becomes zero at infinite dilution. The 
effect of differences in the volumes of the molecules of the com- 
ponents Is positive and may be appreciable. The greatest effect 
is obtained from the orientational distribution; the difference is 
positive and is comparable, at least in order of magnitude, to the 
observed partial molal excess entropy of mixing at constant pressure 
and infinite dilution for the six binary mixtures composed of 
benzene, carbon tetrachloride, cevclohexane, and methanol. 

The contribution of the orientational distribution is considered 
to be the result of two effects, one due to the orientational dist ri- 
bution of the solute becoming completely random when dis- 
solved at infinite dilution, and the other due to the orientational 
distribution of the solvent being changed by the substitution of a 
solute molecule for a solvent molecule. The individual behavior 
of each solvent is evident and is consistent with its molecular 
structure. J. Howard Childs, USA 


1452. Malcolm Dole, “Statistical thermodynamics of the 
sorption of vapors by solids,” ./. chem. Phys., Jan. 1948, vol. 16, 
pp. 25-30. 

The statistical method of treating the sorption of vapors, begun 
by Fowler and Guggenheim and extended to multilayer sorption 
by Cassie and Hill, is further generalized to include variable heats 
of sorption in different layers. By adserption is meant adhesion 
of the vapor on a free surface where the gas molecule can collide 
directly with the adsorbing site. By sorption is meant the in- 
crease in weight of the solid as a result of the penetration of water 
vapor within the solid at sorption sites where there is no free sur- 
face. 

A general partition function is set up in terms of the number of 
sorption sites, the relative molecular populations, and the number 
of molecular layers. Special solutions of the partition function 
are then obtained, such as Raoult’s law, the Langmuir sorption 
isotherm, and the Brunauer-Emmet-Teller sorption isotherm. 
The treatment is also extended to the case of multilayer sorption 
with interaction between sorbed molecules in the same layer. 

Joseph Kaye, USA 


Heat Transfer; Diftusion 
(See also Rev. 1434) 


1453. Th. E. Schmidt, “Heat transfer calculations for ex- 
tended surfaces,”’ Refrig. Engng., Apr. 1949, vol. 57, pp. 351-357. 
To facilitate calculation of heat transmission from and to finned 
plane surfaces and finned tubing, the apparent coefficient of heat 
transfer is introduced as a function of the dimensions, the true 
mean coefficient of heat transfer, and y = 0,/0, called the degree 
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of fin efficiency, where #, and @ are the mean temperature differ- 
ences between the extended and the prime area respectively (J 
the ambient. This concept of the degree of efficiency is very jr- 
portant, and simple formulas are given for calculating it for shapes 
most important in actual practice. Many questions can he 
clarified by calculations based on y, even when the mean coeffi- 
cients are not accurately known. Evaluation of test data has re- 
vealed that the coefficient of heat transfer is greatly dependent on 
the relation of height of fin to spacing. A formula for a simple 
relation is given. 

The interrelations found have been employed for checking t}y 
economic value of fins of certain dimensions. Dimensions! 
optima are calculated for capacity vs. unextended surfaces, vs 
face area, vs. volume of space, vs. weight and vs. cost. The fact 
is revealed that certain designs satisfy several of these optima 
simultaneously. Results of calculations made for certain impor- 
tant cases are represented in diagrams. 

Alexander Mendelson, USA 


1454. I. Amdur, “Low temperature transport properties of 
gases. I. Helium,” ./. chem. Phys., July 1947, vol. 15, pp. 482 
487. 

Values have been computed for the viscosity, thermal conduc- 
tivity, and coefficient of self-diffusion of gaseous helium for tem- 
peratures below 200 K by application of classical seattering theor 
within angular regions where diffraction effects are absent. Val- 
ues of classical total-collision cross sections are obtained which ar 
used to evaluate classical cross sections for viscosity, thermal con- 
ductivity, and self-diffusion appropriate to a Maxwellian gas 
Numerical values of the transport properties are obtained by sub- 
stitution of the appropriate classical cross sections into the exact 
transport-property formulas of Chapman and Enskog. 

In the region 200-14 K, the average absolute deviations be- 
tween calculated and experimental values are 1.9 per cent for vis- 
cosity and 4.6 per cent for thermal conductivity. Extrapolatior 
of caleulated viscosity values to 1.64 K appears to be justified on 
the basis of agreement with experimental values. It cannot be 
stated that similar extrapolation in the case of thermal conduc- 
tivity is valid because of possible uncertainties in the experimental 
values between 3.95 and 1.62 K. Values of the self-diffusion 
coefficient have been calculated between 200 and 5 K, but experi- 
mental values are not available for comparison. 

Stuart R. Brinkley, Jr., USA 


1455. R. Gregorig, ‘‘Winter heat from summer and waste 
energy, and calculation of heat losses of underground water as 4 
heat reservoir” (in German), Schweiz. Arch., Feb. 1949, vol. 15, 
pp. 36-48. 

The heat losses and thermal efficiency of a heat reservoir using 
underground water for the storage of summer heat and waste 
energy is investigated. In the scheme describea by the author, 
the underground water is heated during the summer months | 
pumping it to ground level, passing it through a heat exchanger 
and returning it to the reservoir. <A fraction of this heat is mace 
available in the winter months by adoption of a similar procedure. 

The boundaries of the reservoir are formed by one of three 
methods: (1) natural impermeable soil layers, (2) artificial walls 
formed by injection of clay, and (3) a hydrodynamic limiting 
flow. The latter depends on the rate of flow of the circulating 
water, the number and positioning of the supply and outlet pipes 
connecting the reservoir to the heat exchanger, and the natura! 
flow velocity and direction of the underground stream. Excep' 
in extremely favorable circumstances, a hydrodynamic limiting 
flow is unlikely to be satisfactory in practice. 
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Che equations of continuity, motion and energy are formulated 
for the flow of water through a permeable soil. An approximate 
graphical solution for the temperature distribution and heat trans- 
fer is obtained. The heat loss due to free convection in eases (2) 
and (3) is also investigated. It is that where pos- 
sible the theoretical calculations should be supplemented by 
model experiments. 
using similar soil and water can be constructed in which the veloc- 


stated 
A dynamically similar model of the reservoir 


ity of flow in the model is reduced in the same proportion as that 
of the linear geometric seale. 
The thermodynamic efficiency defined as the ratio 


Quantity of heat in the reservoir 


Quantity of heat fed into the reservoir 


is shown to be over 90 per cent in certain carefully designed in- 
stallations using artificial walls. The maximum thermal effi- 
ciency is obtained for large and deep reservoirs (i.e., 1 X 10® cubic 
meters at 30 meters). For small reservoirs the permeability of 
the outer soil must be low, otherwise the thermal efficiency may 
be reduced to zero. G. M. Lilley, England 


1456. I. Prigogine, ‘‘On the role of mass velocity in diffusion”’ 
(in French), Bull. Acad. Belg. Cl. Sci., 1948, vol. 34, no. 12, pp. 
930-942. 

In defining the mean velocity of a mixture it is possible to use 
the molar, the weight and the volume average. The coefficient 
of diffusion must be defined differently in each case. 

Applying the principle that the entropy increase is not in- 
fluenced by the choice of variables, the relations between the sev- 
eral coefficients of diffusion are derived. 

Ht. C. Brinkman, Holland 


Acoustics 
(See also Revs. 1362, 1395, 1396) 


1457. R.H. Bolt, S. Labate, and U. Ingard, ‘‘The acoustic re- 
actance of small circular orifices,” .J. acouwst. Soc. Amer., Mar. 
1949, vol. 21, pp. 94-97. 

In order to determine the effective mass of an orifice, a measure- 
ment has been made of the impedances of a number of orifices 
varying in diameter from 2 cm down to 0.357 em, with diameter- 
thickness ratios from 4 to 40, over a frequency range from 200 to 
1000 eps. The resistance component, which will be discussed in 
more detail in a subsequent paper, appears to show a nonlinear 
effect with amplitude as also does the reactance component. For 
low amplitudes the effective mass has been compared with that 
caleulated from the assumption of plane piston motion and has 
heen shown to depart from this considerably. By taking account 
of the higher-order modes that can be set up, the agreement be- 
comes considerably better, particularly for wide-diameter tubes. 
By assuming that the effective radius is somewhat smaller than 
the actual radius, a still better agreement is obtained. 

Warren P. Mason, USA 


1458. W. J. Price, ‘Ultrasonic measurements on Rochelle salt 
crystals,” Phys. Rev., Mar. 15, 1949, vol. 75, pp. 946-952. 

Measurements of the anomalous elastic properties of Rochelle 
salt near the upper Curie temperature (about 24 C) were made, 
using a pulse technique at 10 me per sec following the method of 
Huntington [Phys. Rev., 1947, vol. 72, p. 321]. 

The temperature dependence of the following quantities was 
determined: the foiled compliance 1/Sq4", the velocity of a com- 
pressional mode in a 45-deg X-cut crystal, and the sound attenua- 
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tion at 10 me per sec for the above mode and for a transverse 
mode along the Z-axis. The attenuation isdue mostly to dielec- 
tric losses, and these were separated from other losses using auxi- 
liary measurements along directions which avoid electromechan- 
ical coupling. 

The velocity in a mode associated with Sy” depends on the field 
strength in the X-direction; this effect is shown to vary also with 
the polarity of the bias field. Such unipolarity is not predicted 
by the interaction theory and is not revealed by self-resonance 
methods of measurement. Evidence is presented to show that 
the unipolarity is a “‘morphic”’ effect produced by the reduction in 
crystal symmetry produced when the lattice is sheared. 

Martin Greenspan, USA 


Ballistics, Detonics (Explosions) 
(See also Rev. 1449) 


1459. Melvin A. Cook, “Fugacity determinations of the prod- 
ucts of detonation,” J. chem. Phys., Nov. 1948, vol. 16, pp. 1081 
1086. 

By employing the equation of state derived from the hydro- 
dynamic theory and observed detonation velocities, the thermo- 
dynamic equilibrium constant A,(7') is derived in terms of the 
concentrations of the various gases comprising the products of 
detonation and the covolume a(v), which may be evaluated for 
any known or assumed density of the products of detonation. A 
reiteration method is developed for solving simultaneously as 
many equilibrium relations as is necessary to define completely 
the composition of the products of detonation. The application 
of the theory is illustrated by calculations for TNT, which are 
compared with experimental data as well as with results obtained 
from the approximate partial-pressure method. Calculations 
are presented for several additional explosives. 

J. Howard Childs, USA 


Soil Mechanics, Seepage 
(See also Revs. 1410, 1470) 


©1460. Gregory P. Tschebotarioff, “Large scale earth pressure 
tests with model flexible bulkheads,” I{3dwards Bros., Ine., Ann 
Arbor, 1949, 112 pp., 105 figs., $1. 

This report of tests made at Princeton University is a rich 
source of data. Displacements and SR-4 strain gage measure- 
ments were made on the middle one of three vertical sections of 
model bulkheads backfilled with Detailed 
test results are presented for three tests to illustrate the refine- 


various materials. 
ment of the data and the procedure used in deriving the bending 
moments and pressures. 

The first series of tests used 1:5 models of an anchored 30-ft 
wall with hinged bottom. They showed that a sand dike at 
natural slope interposed between the bulkhead, and a fluid-clay 
backfill gave the same pressures as a backfill entirely of sand. 
The lateral pressure ratio of initially fluid-clay backfill reduced 
to 0.5 during consolidation with no outward movement of the 
bulkhead, but reduced no further when outward movement of 
the wall was induced. This was also demonstrated in a labora- 
tory device. 

A method of using the electrical strain gages under water was 
developed and used in a second series of tests at 1:10 model scale, 
with the bottom of the piles in sand to eliminate the restraint of 
the tank bottom evidenced in the first series. The results of 20 
tests are presented in considerable detail. While the tests showed 
that the yield of the anchor eliminated vertical arching when the 
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bulkhead was backfilled with sand, the bending moments were 
decreased by transfer of active pressures to soil beneath the dredge 
line and the fact that the resultant of passive pressures Was higher 
than previously believed. It was found that full wall friction 
could be developed for passive pressure. Severe vibration behind 
or in front of the wall changed the pressures but did not increase 
the bending moment. On the basis of the test results the follow- 
ing design procedure for bulkheads in sand is proposed: Depth of 
embedment equals 0.43 times the height and a hinge at dredge 
level is assumed; for anchor pull an earth-pressure ratio of .29 
may be used, while for bending moment the earth-pressure ratio 
may be reduced somewhat for passive pressure above the anchor. 
Since the test results refute some widespread hypotheses ex- 
plaining certain previous Observations, the compatibility of the 
present test results with these same observations is demonstrated. 
The author emphasizes that no tests were made with undisturbed 
clays or with relieving platforms, suggests that high priority in 
further research be given to full-scale observations, and gives 
some recommendations concerning procedures for field observa- 
tions, Edward S. Barber, USA 


1461. H. Q. Golden, ““Measurement of pressure in timbering 
of a trench in clay”’ in english), Proc. Sec. int. Conf. Soil Mech. 
Found. Engng., 1948, vol. 2, pp. 76-81. 

This paper describes some measurements of the pressure in the 
timbering of a deep excavation behind a retaining wall in the 
London clay. A gage length of 5 ft on a strut was measured by 
means of a specially developed micrometer, reading to 0.01 mm. 
The results indicate that the pressure distribution approximates 


a parabola instead of a triangle. Rollie G. Fehrman, USA 


1462. O. K. Peck and Ralph B. Peck, “Earth pressure 
against underground constructions. Experience with flexible 
culverts through railroad embankments,” Proc. Sec. int. Conf. 
Soil Mech. Found. Engng. 1948, vol. 2, pp. 95-98. 

Dismeter changes in a number of flexible corrugated-steel plate 
culverts of 7.5 to 15 ft diam were measured over periods from 2 to 
6 vears, beneath railrond-embankment fill of selected soil varying 
in depth from 2 to 50 ft. The factors affeeting the field perform- 
ance of sueh culverts are outlined. Emphasis is placed on 
proper soil compaction. The vertical diameter of the culverts 
was found to shorten while the horizontal diameter increased. 
These deformations sre believed sufficient to develop soil pres- 
sures practically equal in all directions around the entire structure, 
bending moments due to differences in the intensity of vertical 
and lateral pressure being ignored in the design. 

Gi. P. Tschebotarioff, USA 


1403. J. Jaky, “Stability of earthworks in the plastic stage”’ 
in French), Publ. tech. Univ. Budapest (Miieqyetemi Kéal.), 
1948, no. 3, pp. LO8—-172. 

This is the last of a series of studies on the title subject (see 
Revs. 852, May 1948, 801, June 1949). 

In it the sxuthor deals with the various stress conditions pre- 
vailing in a heavy earth mass, by the help of polar coordinates. 
Iextending the special solutions of Naddi, he proves that, besides 
slip lines in the form of concentric cireles, other circular slip lines 
are possible with centers located on an arbitrary geometric line, 
and with radit which are a funetion of the coordinates of the cen- 
ters. From the conditions of equilibrium he sueceeds in writing 
down the partial differential equation and its general solution 
(equations 135, 136). 
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This solution is illustrated by two practical examples. Oy, 
presents the slip lines around a hole in a plastie body and the 
corresponding stresses acting on the surface of the hole. The 
other shows the stress conditions of an earth mass loaded by uni- 
formly distributed oblique loads. Ch. Széchy, Hungary 


1464. F. L. D. Wooltorton, “Relation between the plastic in- 
dex and the percentage of fines in granular soil stabilization,” 
Proc. Highw. Res. Bd., 27 Ann. Meet., 1948, pp. 479-490. 

Specifications for granular soil stabilization usually consist of 
maximum permissible values for the plastic index (PJ) of the 
fraction f passing the No. 40 sieve. A discussion of the physical 
background of these empirical specifications leads the author to 
the conelusion that for stability of a granular material the 
amount of moisture absorbed over the plastic range should not 
exceed the pore space available. 

A discussion of engineering experience is summarized in the rule 
(Pl) Xf = C, where C is a constant, which however in some cases 
uppears to depend on the percentage of soil fines. 


H. C. Brinkman, Holland 


Geophysics, Meteorology, Oceanography 
(See also Revs. 1350, 1378, 1412) 


1465. Robert E. Horton, ‘The physics of thunderstorms,” 
Trans. Amer. geophys. Un., Dec. 1948, vol. 29, pp. 810-844. 

A special type of thunderstorm is discussed, called by the author 
“tubular,” in which the entrainment of air from the environment 
supposedly acts only in a shallow layer near the ground. The au 
then ascends through a tube without any mixing with the sur- 
rounding air and spreads around this core in an outflow layer. 
From the equation of continuity under highly simplified assump- 
tions the dimensions of the convective core and the thicknesses o! 
the different layers ean be determined, as well as the ascending 
velocity in the core. 

The average distribution and intensity of rain in a thunde: 
storm is thoroughly discussed in relation to this model. The rain 
falling through the core shows different characteristics from the 
rain falling from the peripheral belt in the outflow layer. 1) 
assuming these two different types of rain, the author makes 1! 
possible to reasonably interpret some observed phenomena, lih« 
lightning and wind gusts in a thunderstorm, 

Z. Sekera, USA 


1466. Robert E. Horton, “Convectional vortex rings—hail,”’ 
Trans. Amer. geophys. Un., Feb. 1949, vol. 30, pp. 29-45. 

Besides the well-known thunderstorm system with the main 
convective flow through a vertical pipe, thunderstorms and hail- 
storms are sometimes observed with a different hydrodynamic 
system, in which a series of vortex rings is projected verticall) 
upward. The ring sections themselves move with a constan! 
angular velocity. The ascending moist air is concentrated in th 
ring sections forming a big cumulus cloud. Whether tubular con- 
vection or a vortex ring system develops, depends on the con- 
ditions. In cases of a violent, abrupt and discontinuous uprus!: 
of the air through a stable layer, as many vortex rings will form as 
there are impulses. 

A certain experimental verification can be given by using * 
smoke box and producing a series of vortex rings. The rings 
travel upward as if their sections were being rolled forward by the 
core. There is relatively little frictional resistance, i.e., the vor- 
tices can travel a long distance on their initial energy, before the) 
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- broken up by viscous resistance. Following the smoke box 
nulogy a theory of the phenomena is given. The conditions in 
such cumuli are very favorable for the formation of hailstones of 
uniform size and structure, which are sometimes observed. A 
theory on hailstorms is, therefore, added. The paper has been 
edited by R. Van Vliet as a posthumous publication. 
Horst Merbt, Germany 


1467. Bertram Darell Richards, ‘‘Tidal power: Its develop- 
ment and utilization,” /. /nstn. civ. Engrs., Apr. 1948, vol. 30, pp. 
104-109. 

This paper gives a comprehensive survey of the problems of 
tidal power, mainly from the civil-engineering aspect. The 
survey is necessarily limited by the fact that tidal power, 
apart from very small schemes, exists on paper only, eco- 
nomie considerations having prevented the execution of any 
large scheme up to the present date. The inerease of price of coal 
and the faet that tidal power operating costs are independent of 
market fluctuations increase considerably the importance of these 
investigations for the future. Bearing in mind these inherent 
limitations of subject, the author has sueceeded in making a 
thorough and useful contribution to the art of power generation, 

There is a brief introduction giving the historical baekground, 
tollowed by the basic facts of tidal phenomena. The author then 
describes the single-basin operation showing how the power ob- 
tained is intermittent and subject to large fluctuations. The 
problem of regulating this power to suit the consumer is considered 
in detail, with description of pumped storage and auxiliary power 
schemes. Double-basin schemes, giving a more nearly constant 
power, are illustrated by diagrams of time vs. power output and of 
general layout. 

A description then follows of the four major tidal power projects 
that have recently received attention. The Severn Barrage 
single-basin scheme has been under consideration for a century 
ind the author reviews the principal features of the 1944 Panel 
report mentioning the tidal model constructed by Professor A. H. 
Cibson. The Petiteodiac-Memrameook double-basin system 
takes advantage of two estuaries having an exceptional tidal 
range. On the Passamaquoddy project a summary follows of the 
single-basin and double-basin proposals, The two French schemes 
comprise the Rance project where the intermittent power could 
readily be aceepted by the electrical system, and Mont St. Michel 
where the power proposed is so large as to demand some means of 
regulation, thus making the latter unsuitable for immediate de- 
velopment. A table of tidal range, power and costs for these four 
schemes is given. 

The author concludes with a résumé of the pros and cons of tidal 
power and a reference to the future development of atomic power. 
There are twelve diagrams and eight references to published 
papers. Ht. HW. Anderson, Seotland 


1468. Tu-cheng Yeh, “On energy dispersion in the atmos- 
phere,” J. Met., Feb. 1949, vol. 6, pp. 1-16. 

The problem of energy propagation by dispersive one-dimen- 
sional waves is discussed for four different atmospheric models dis- 
tinguished according to the characteristics of their upper bound- 
ary (rigid boundary for nondivergent flow, free surface for 
divergent flow) or of the horizontal distribution of density (with or 
without a constant north-south density gradient). The relation- 
ship between the group and the phase velocity is first studied for 
these models, and the group velocity is in all cases larger than the 
phase velocity, making the formation of new waves possible ahead 
of initial waves. The presence of convergence or divergence and 
of horizontal solenoids (density gradients) makes possible the 
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formation of waves with negative group velocity, that is, of up- 
stream energy propagation. But only in the ease of existing 
solenoids is the negative group velocity larger than the phase 
velocity and is the formation of new waves upstream possible. 

in the next part the phase distribution is discussed in a wave 
motion due to a point-source disturbance. In a diagram with ¢ 
as ordinate and x as abscissa, the constant-phase curves can be 
drawn and give all information about wave motion (except the 
amplitude), in particular the number of different wave trains and 
the direction of wave motion for particular wave lengths. The 
various features of such a motion in different atmospheric models 
are easily understood from a set of such diagrams. 

A more general type of energy distribution is then studied for 
two special cases: (a) the injection of positive vorticity (eyclo- 
genesis) along a particular longitude into a straight basie current 
of constant speed, and (f) the dispersion of an initial solitary 
wave connected with a pressure rise in a limited region. In the 
first case a ridge develops immediately east of the source of eyclo- 
genesis, followed by an establishment of a ridge further to the 
east with a trough between these two ridges, in full agreement with 
synoptic evidence. After a sufficiently long time a steady-state 
wave motion develops, identical for all the models considered. 

In the second case the process of energy dispersion of a solitary 
wave is quite different for different latitudes. In low latitudes 
the dispersion progresses very rapidly with a slight shift of the 
high pressure center westwards. In higher latitudes the dis- 
persion progresses touch more slowly, and the shift of the center 
westwards is quite apparent with an appreciable decrease of 
initial pressure (1/7 during 48 hours at 40 deg lat). However in 
the vicinity of the pole the westward shift is quite slow, and the 
decrease of the pressure in the center is much less. The westward 
shift of the initial antieyelone corresponds to the observed block- 
ing effect, and the discussion of energy dispersion thus offers the 
first theoretical explanation of this synoptically important phe- 
nomenon. From the discussion it follows that the blocking effect 
is largest at high latitudes, while the speed of the blocking wave 
decreases and the intensity of the wave and its lifetime increases 
with the latitude. Z. Sekera, USA 


1469. Athelstan F. Spilhaus and Arthur R. Miller, ‘‘The sea 
sampler,” J. Mar. Res., Nov. 1948, vol. 7, no. 3, pp. 370-384. 

An improved model of the thermographie sea sampler is de- 
scribed. !t consists of twelve bottles attached to a conventional 
bathythermograph and arranged to trip at various depths which 
can be chosen at will. This device enables samples to be taken 
along with temperature soundings while the ship is under way. 
Observations made with the sea sampler were compared with 
those made with Nansen bottles, and it} was coneluded = that 
errors in the former were due to throttling lag of the sampler 
bottles. The theory of this lag is developed and a method of 
correcting for it is presented. The device appears to be a very 
important addition to the instruments available for oceanographic 


observations. M. Neiburger, USA 


©1470. E. Bucher, ‘Contribution to the theory of avalanche 
protection” (in German with French and English summaries), 
thesis, Eidgendssische Technische Hochschule, Zurich, 1948, 
114 pp. 

Different means of preventing avalanches are systematically 
surveyed and their various features described; a rational pro- 
cedure is given by which appropriate structures may be designed. 
This survey is preceded by a thorough study of snow as a material, 
and of its behavior in typical situations. Since this part of the 
work occupies two-thirds of the space, “the physical properties of 
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snow and of snow-banks” might well be an auxiliary title. And at 
the same time the meteorologic and hydrologic features of snow 
fall, accumulation, packing, wastage, and other progressive 
changes in the snow cover are also studied. 

In a remarkable series of charts relating to conditions at the 
standard test field at Weissfluhjoch, daily records of meteoro- 
logical data are plotted, and at intervals of about 3 weeks the 
properties of the snow itself on increments of 10 em in depth. 
Such a chart is shown for each of the years 1936 to 1946. 

A great number of different physical properties of snow are con- 
sidered and the methods and results of laboratory tests described. 
Special consideration is given to the laminated structure of the 
snow cover, and variability from layer to layer may be very 
great. For example, the viscosity of dry snow varies from 10® to 
10!! kg see per m?. 

Among the types of structure, emphasis is given to Rechen 
(obstacles to snow movement set normal to the slope). In the 
last 8 pages, a method for estimating the load on such a structure 
is given in detail. 

The 236 references to technical literature include a few items in 
general rheology, soil mechanics, physics of solids, and the like, 
but most of them refer to the specific topic, on which the coverage 


is thorough. W. P. Roop, USA 


Wear 


Lubrication; Bearings; 
(See also Rev. 1392) 


1471. Hanns Herbert Ott, “Cylindrical journal bearings un- 
der nonstationary loading” (in German), thesis, lidgendssisch 
Technische Hochschule, Zurich, 1948, 103 pp. 

In the first part of this paper a general differential equation for 
a journal bearing under a load which may vary in magnitude and 
direction is derived. The usual assumptions are made of perfect 
geometrical surfaces, negligible inertia forces, no axial flow, thin- 
ness and hence negligible curvature of the oil film, constant vis- 
cosity, and incompressible laminar flow following Newton's law 
of viscous flow. Since derivation of a general expression for the 
resultant force on the journal proves too difficult mathematically, 
several special cases are discussed. 

The procedure adopted in discussing these is the inverse of the 
problem usually confronting the designer. The journal center is 
assumed to move in a given path and the resultant dynamic load 
is computed. This offers less mathematical difficulty than the 
more direct approach of specifying the loading and computing the 
resulting motion of the journal center. The special cases con- 
sidered include a journal executing a radial sinusoidal motion and 
a journal traveling in an elliptical path with double harmonic 
motion. Several representative polar load diagrams are com- 
puted for these cases when the journal eccentricity is relatively 
small, 

In a second part the motion of the journal center is computed 
for sinusoidal forces of small amplitude and constant direction. 

In checking the derivation of the initial differential equation 
this reviewer has encountered certain difficulties. The author 
seems to have incorrectly applied the volume continuity equation 
of fluid mechanics, using this law in its integrated rather than in 
its differential form. If this is corrected, Equation [8] would read 
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which differs from the author’s equation in the sign of Vs in the 
second term, and in the presence of the term involving O(V, + 
V.)/Oxr. The author apparently discarded the latter term, rea- 
soning that neither V, nor V2 will change along the bearing sur- 
face. However, in the dynamically loaded bearings subsequently 
discussed, the journal center translates in a curved path about the 
bearing center, the resultant velocities V; and V2 then being fune- 
tions of x so that the above term is generally not zero. It is 
unfortunate that these relatively trivial points should have to 
cast doubt upon the results of the outstanding mathematical 
Milton C. Shaw, USA 


analysis which follows. 


1472. G. Lundberg and A. Palmgren, “Dynamic capacity of 
rolling bearings” (in English), Acta Polyt., 1947, no. 7, 50 pp. 

This article gives the foundation for a unified theory of the 
dynamic capacity of rolling bearings. It is based on the hypothe- 
sis that the shear stress calculated by the Hertz theory may, 
through fatigue, produce a microscopic crack if it occurs in the 
vicinity of a “weak point” in the material. The distribution of 
these weak points throughout the material is statistical and may 
be taken as a material characteristic. Such a microscopic crack 
grows as a result of successive stress cvcles, and if it reaches the 
surface, failure results. These assumptions are summarized 
analytically by the statement that the dispersion in life of the 
bearings is proportional to the stressed volume and is also some 
function of the maximum stress amplitude calculated by the 
Hertz theory, of the number of stress cycles and of the depth at 
which the maximum stress amplitude occurs. 

This functional dependence is not analyzed in detail but is 
approximated by a power function of the three quantities in- 
volved. The three exponents are determined empirically from 
the dispersion in bearing lives observed in life tests, from the de- 
pendence of life on load, and from the dependence of the basic 
dynamic capacity on the bearing size for both point contact and 
line contact. 

The dependence of the basic dynamic capacity (defined as the 
load which 90 per cent of a given set of similar bearings can 
endure for one million revolutions under either pure axial or pure 
radial thrust) of each element in a rolling bearing is then deter- 
mined by considering the distribution of load among the rolling 
elements and extending the Hertz theory to take account of the 
relative conformity between these elements. The basic dynamic 
capacity of the various types of rolling bearings is then calculated 
from the capacities of each element for the applied radial and 
axial load components. Tables are given to facilitate such caleu- 
lations for various types of bearings and loading. 
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(See Revs. 1365, 1440) 
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